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ine proven 

TEMPO 81 
does it all... 
>orta be... mobile 
...base station 
and aives vou 


W e have never ~ 

_ enjoyed such an 
overwhelming response to a 
new product Letters of praise 
for Tempo's S-1 are coming 
in daily. Words such as great. 
fabulous, and fantastic are 
common 'n a few short j 

months the S^l has taken the 
Amateur world by storm, In 
addition to its unique features 3 

and its versatility, it has now 
proven itself to be an ex- 
homely rugged and depend- ,v 

able unit qualities unmatched at any price, 
but unheard of at the S-1‘S low price 
This amazing pocket sized radio represents a 
major breakthrough m 2-meter 
communications Other units that are larger 
heavier and are similarly priced can offer only 
6 channels The S-Ts price includes the 
battery pack, charger, and a telescoping 
antenna But, far more important is its proven 
performance record as a fully synthesized 800 
channel hand held transceiver 
The optional touch tone pad adds greatly to 
its convenience and the addition of a Tempo 
solid solid state amplifier adds tremendously 
to its power. 


njOUv channels 
in one of the 
smallest hand helds 


SPECIFICATIONS SUPPLIED ACCESSORIES 

r r&iuency Coverage 144 to 148 MH; Telescoping whip antenn i m t ad 

Channel Spacing Receive every 1 kHz hair cry pack, chargor 

transmit Simplex or 

■ 600 k \ i/ OPTION AL ACCESSOR IE S 

Power Requirements 9 6 VDC l inrch tone pad $55 * Tone burs 

Current Dram 17 ma-standby generator $29 95 * CTCSS suh- 

500 ma-ltrin-imil audibfe lone coniml $29 95 ■ Rn 

Batteries 8 cell m cad park tie* antenna $8 • Lealher holstoi 

mi Hided SIB * Cigarette lighter plug motii! 

Anlenna Impedance 50 Ohms Charging unit 56* Matt hing 30 m 

Dimensions 40 mm < 62 mm k Output i 5 8 VDC po**“ f amplifier i 

165 mm i 1 6 ( 2 r i S89 • Matching 80 wall output pri 

4 g amplifier fSBOl $169 

RF Oiiiput 0i>Hor man ^ 5 wans 

Sensitivity Better than 5 microvolts 

Price... S349 00 W th touch tone pad 5:399 00 


TEMPO VHF & UHF SOLID STATE POWER AMPLIFIERS 

Boost your signal. . * give it the range and clarity of a high powered base 
station. VHF (135 to 175 MHz) 

Drive Power Output Model Wo Price 

?W 130W 130A0? S209 

10W 130W 130A1G Si 09 

30W 130W 130 A 30 S199 

m 60W 8GAQ2 $169 

tOW BOW HOAtO $149 

SOW 80 W 8QA30 $159 

2W 50W 50AO2 S129 

2W 30W 30A02 S 89 

UHF (400 to 5T2 MHz) models, lower power and FCC type atcepled models 
also available 


The tempo Ime also tealutes a fine line of extremely compact 
UHF and VHF pocket receivers they're low priced, 
dependable and available with CTCSS and 2-tone decoders 
The Tempo FMT-2 & FMT-42 (UHF) provides excellent mobile 
communications and features a remote control head for hide- 
away mounting 

The Tempo FMH 42 (UHF) and the NEW FMH 12 and FMH-15 
iVHF) micro hand held transceivers provide 6 channel 
capability dependabilily plus many worthwhile features at a 
tow price FCC type accepted models also available 
Please call or wide for complete information Also available 
from Tempo dealers throughout the LI S and abroad 

NEW TOLL FREE ORDER NUMBER: |800J 421 6631 

. For Jtn states excepl California 

Cal it residents please Call collect onour regular numbers 

TJH| J I *,>' 11240 W Olympic Rlvd Los Angeles Calif 

y r ."'^r^n P 1 931 N Euclid Anaheim C.iht 92001 

Tut 1 La duller. Missouri 64 730 


90064 713 7 4/7 6701 
714 772-9200 
Hlfi,'679-3127 
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The Antenna Company 

48 Perimeter Road I. P.O. Box 4680 
kAnnnhfister. NH 031 OB 
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New MFJ 3 & 1.5 KW Versa Tuners 

Run up to 3 KW or 1.5 KW PEP and match everything from 1.8 thru 
30 MHz: coax, balanced line, random wire. Built-in balun. 


3 KW VERSA TUNER tV's 


1.6 KW VERSA TUNER Ill s 
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NEW MFJ KW VERSA TUNERS HAVE THESE FEATURES IN COMMON 


These 6 new MfJ KW Versa Tuners let you run Up W 3 KW or 1,5 KW 
PEP {depending on the model} and match any feedline continuously Irom 
l.fl to 30 coax, glanced Ime of random wire Gives maximum 
power transfer. Harmonic attenuation reduces TVI. out of band emissions. 

All metal low profile cabinet gives RFI protection, rigid construction, 
sleek styling Black Rich anodized aluminum Irom panel 5x14x14 inches 


3 KW VERSA TUNER IV’s 


Flip down stand tilts toner tor easy viewing 

Efficient, encapsulated 4:1 ferrite balun. 250 pi, 6000 volt capacitors 
18 position dual inductor, 17 amp, 3000 V ceramic roiary switch (3 KW 
version), 12 posihon inductor, ceramic rotary switch (15 KW version) 
2% meters, SO-239 coax connectors, ceramic leedthru lor random wire 
and balanced line One yeaf limited warranty Made in USA 


|i MFJ-984 3 KW VERSA TUNER IV 

EXCLUSIVE RF AMMETER 

vp / QQ''» insures maximum power to antenna at 
5# minimum SWR r Built-in dummy load. 

This is MFJ's best 3 KW Versa Tuner IV. Hie MfJ 964 Deluxe 3 KW 
Versa Tuner IV gives you a combination of quality, performance, and 
features that others can t touch at this price 

An exclusive 10 amp RF ammeter insures maximum power to antenna 
at minimum SWR A separale meter gives SWR, lor ward, re fie cl ed power 
rn 2 ranges (2000 and ?00 watts) 

Versatile antenna switch lets you sefed 2 coax lines thru tuner and 1 
thru ur direct, or random wire, balanced tine or dummy load 

A 200 watt 50 ohm dummy load I els you lune your exciter of I air for 
peak performance. Elficienl, encapsulated 4:1 lernte balun 

m MFJ-981 3 KW VERSA TUNER IV 

1 B_ 

* _ Accurate meter g/ves SWR, forward 

^ | n||»3 and reflected power in 2 ranges: 2000 
^3 ^3 and 200 watts. 4:1 ferrite balun. 

The MFJ-981 3 KW Versa Tuner IV is one of MFJ's most popular Versa 
Tuners, An accurate meter gives you SWR, forward and rellected power 
in 2 ranges 2000 and 200 waits Encapsulated A \ fern re balun 


[*J MFJ-980 3 KW VERSA TUNER IV 

CQ95 Heavy duty encapsulated 4:1 ferrite 
'll IfJ bafun for balanced lines. 


$ 199 95 


MFJ-982 3 KW VERSA TUNER IV 


* _ a aqf Antenna switch lets you select 1 coax 
V J QQ^ fhfu tuner and 2 coax thru tuner or 

ij ^ ^3 direct , or random wire and balanced tine. 

The MFJ-9B? 3 KW Versa Tuner IV gives you a versatile 7 position an 
lenna switch that lets you select t coax thru tuner and 2 coax thro tuner 
or direct or random wire and balanced Ime Encapsulated 4 1 baton 

If you already have a SWH/waMmeier, (he MFJ 982 is for you. 


The MFJ 980 is MFJ's lowest priced 3 KW Versa Tuner IV hut has the 
same matching capabilities as the other 3 KW Versa Tuner iv's. 

Features an efficient, encapsulated 4:1 ferrite balun tor balanced lines 


1.5 KW VERSA TUNER lirs 


[si MFJ-962 1.5 KW VERSA TUNER III 

* _ due/ range forward and reflected 

| CQy 3 power meter ; 6 position antenna 
J ^3^3 switch, encapsulated 4:1 ferrite baton. 

The MFJ-962 1.5 KW Versa Tuner HI is an exceptional value. 

An accurate meter gives SWR, forward and reliected power in ? ranges 
(2000 and 200 walls) 

A versatile six position antenna twitch lets you select 2 coax lines thru 
tunei nr direct or random wire and balanced line. Encapsulated 4:1 balun, 
Black front panel has reverse lettering 


® MFJ-961 1.5 KW Versa Tuner III 

* « _ _ _ _ 6 positron antenna switch lets you 

$ 1 Q SI 9 seteef 2 coax lines thru tuner or direct, 

| Hv or random wire and balanced line , 

The MFJ-961 1,5 KW Versa Tuner HI gives you a versatile six position 
antenna switch If lets you select 2 coax lines thru luner nr direct, or 
random wire and balanced line Encapsufaied 4:1 ferrite balun 
If you already have t SWR'wattmeler, the MFJ 961 is Tor you 
Black front panel has reverse fettering 


FOR YOUR NEAREST DEALER OR FOR ORDERS 


CALL TOLL-FREE 800-647-1800 


Why not visit your deafer today? Compare these 3 KW and 1.5 KW Versa Tuners to other tuners. You'll be convinced that its value, 
quality and features make It a truly outstanding value. If no dealer is available* order direct from MFJ and try it. If not delighted, 
return it within 30 days for a prompt refund (less shipping}. Charge VISA, MC. Or mail check, money order plus $10 shipping/handling. 


For technical information, order/repair status* in Mississippi* outside continental USA, call 60 1-323-5069. 

Order By Mail or Call TOLL FREE 800-647-1800 and Charge It On 
MFJ ENTERPRISES, INC. MISSISSIPPI STATE, MISSISSIPPI 39762 
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More Details? CHECK OFF Page 110 
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a second look 

by Jim Fisk 


This is the time of the year when many amateurs are working on their antenna systems for the coming DX 
season. If you're considering installing a new tower, however, there are some potential legal problems you 
should consider, even before you dig the hole for the base and pour the concrete. Mervyn Hecht, Attorney-at- 
Law and a Trustee of the Personal Communications Foundation (PCF), discussed four of the possible problems 
in a recent PCF bulletin: 

Error in calculating the property line. "This can come about in two ways. First, the property line may not be 
where you think it is, especially on hillside properties. Imagine how expensive it will be to move your misplaced 
tower if your neighbor discovers it is on his property and will not let you keep it there! If there are no property 
line survey marks you can rely on, and the tower is to be positioned anywhere near a property line, have that line 
surveyed before you dig the hole for the base. 

Secondly, don't forget that the antenna will be wider than the tower. If the tower is right next to a property 
line, the antenna will protrude into your neighbor's "air space." If that happens, your neighbor has the right to 
make you move the tower. 

Blocking the neighbor's view. This problem seems to crop up primarily on hillside properties. It may seem 
reasonable for the valley dweller with a hillside near his house to place his tower on the hillside, above the sur¬ 
rounding hills, but to a person who lives on the top of the ridge an antenna sticking up at the edge of his yard — 
so he has to look between the director and the reflector to see the setting sun — can be very frustrating. The 
legal aspects of blocking the view (or sunlight) are now in a state of change, but the trend is toward recognition 
by courts of these rights, and away from the absolute property rights characteristic of earlier times. 

The radio operator must recognize the potential problem and try to position his tower and antenna where it 
will not interfere with any often-used view nor block the sunlight. If there is some problem in avoiding this 
( result, consider an alternative such as a) a motorized or hand-cranked tower so the antenna can be lowered 

when not in use; b) a smaller sized antenna; c) meeting with the potentially offended neighbor to obtain the 
neighbor's permission to erect the tower on some less offending spot owned by the neighbor. 

Interference with underground or property line easements. Many property titles are legally "burdened" 
by deeds to telephone companies, electric companies, cable television operators, and other utilities which give 
these services various rights. Usually these rights are to install {either under or over the ground) various cables 
and pipes, and often to enter onto the property to replace, service, and check these installations. These ease¬ 
ments are often so broad that although you own the property — and pay the property taxes — you have given 
up the use of these {usually five-foot wide) strips of land. If you install anything which blocks the utility com¬ 
pany's rights, or prevents them from exercising the rights granted, you may be required to move your tower. 
Even if the utility is not using the easement now, it may in the future {perhaps a few weeks after you install the 
tower), or the utility may just be run by difficult people who are intent on enforcing their rights. 

Causing damage to the neighbor's structure. There are three general ways I have seen this happen. First, 
mechanical drilling, such as with a jack hammer, which can cause shock waves to nearby structures. Second, 
digging a hole may result in loss of lateral support which can cause unexpected land movement resulting in 
damage to nearby structures. By far the most common major problems I have seen resulting from property line 
excavation, however, are related to water drainage. Particular care should be taken not to change any drainage 
pattern because, during a rain storm, the slightest change can cause thousands of pounds of water to 
accumulate in unexpected places." 

As if this is not enough to think about. Attorney Hecht further notes that although he has "not even men¬ 
tioned deed restrictions, height limitations, airport clearance and lighting regulations, city permits, convenants 
running with the land, or neighbors running after you with a shotgun ..." he does not wish to discourage radio 
amateurs from installing a tower. Just be aware that if you are going to dig a hole for a tower base, don't dig 
near a property line unless you take special care to avoid the special problems that can arise. 

Jim Fisk, W1HR 

editor-in-chief 
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meter 


IC-21 1 Multi-Mode Transceiver and RM2 Remote Microprocessor Controller 


the IC-211 the easiest 2 meter rig available, 
ICOM’s RM2 remote microprocessor con¬ 
troller. The RM2 adds multi-frequency mem¬ 
ory, scan, remote frequency control and 
touch tone generation to the IC-211 's al¬ 
ready astounding list of standard features. 


Sure you can build up to a 2 meter station 
with most of the features shown above with 
some other brand of equipment: If you can 
afford to add on all the optional pieces. Vou 
can spend a lot of money consuming your 
counter space and collecting knobs to 
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fiddle with, and you can take a long time 
attaining the 2 meter operations you 
aspire to. 


With the IC-211 and its compatible RM2, 
you’ll have a fully synthesized, latest state- 
of-the-art 2 meter station. 


When you compare all the features, you'll 
see why the IC-211 is the 2 meter standard: 
because that’s what its outstanding features 
are... standard, like two dual tracking VFO’s 
at no extra cost. Even the power supply 
transformer is built-in for working from AC 
or DC, and ICOM's advanced LSI technology 
integrates all the high speed tuning func¬ 
tions through one single tuning knob to one 
instantly coordinated LED display. Also stan¬ 
dard are built-in high SWR autopower con¬ 
trol, and selectable output of 500 milliwatts 
and 10 watts for FM operation. 

Your 2 meter contest operations were 
never easy, but now they are with the IC- 
211 and the one option that really makes 


ICOM suggests you compare features when 
you compare cost, and demand all the fea¬ 
tures of the 2 meter standard, the 1C-211. 

— —— — — — — — ■“““T 

I ICOM INfORMATlON SERVICE | 

it 3331 To werwood Dr, Suite 304 =* 

f Dallas, Texas 75234 


Q Please send me a fuM-cotc* ICOM Product line Catalog 
^ and a list of Authorized ICOM Dealers. 

I I 

^ nAM£ CALL < 

}? AttDRLSS j 

CITY SIAIE m \ 

1 You may send a mac nine copy of this form i 

k — - — — — — — mm M 

All ICOM radio* significantly txc**d FCC regulations limiting spurious tmission*. 
Specifications subject to change without notice, 

r 1979 ICOM LAST INK 
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comments 


lightning protection 

Dear HR: 

Many thanks for publishing 
K9MM's excellent article, "Lightning 
Protection," in the December issue. 
It is hoped that Amateurs will heed 
the warning. 

Author Becker suggests grounding 
wooden poles by placing a grounding 
conductor on the pole — this is quite 
effective, but it may act as another 
antenna, radiate minute ground elec¬ 
trical noises, and reradiating some 
transmitting power. It is suggested 
that the ground wire be cut into 10- 
foot (3-meter) lengths with each end 
bent 180° on a half-inch radius (ex¬ 
cept the top spike) and stapled to the 
pole with each loop separated by 2 
mm (1/16 inch) from its neighbor. 
This spacing is adequate for Ama¬ 
teur use. 

It is further suggested that 
Amateurs become acquainted with 
the provisions of the National Elec¬ 
trical Code (NFPA no. 70) published 
by the National Fire Protection 
Association; it lists specific re¬ 
quirements for station protection. 
This document is available at most 
public libraries and is quoted briefly in 
part on page 645 of the 1978 ARRL 
Handbook . Compliance with the pro¬ 
visions of the NFPA Code may avoid 
insurance adjuster hassles if lightning 
plays havoc with your property. 

Marchal H. Caldwell Sr., W6RTK 
Sacramento, California 


lightning protection 

Dear HR: 

I have recently become a profes¬ 
sional associate in the Lightning Pro¬ 
tection Institute, a group of profes¬ 
sionals, installers, and equipment 
manufacturers who have joined to¬ 
gether to promote lightning protec¬ 
tion and the safe design and installa¬ 
tion of lightning protection systems. 
For this reason, and because I am a 
Radio Amateur with several wire an¬ 
tennas, I found the article in the De¬ 
cember issue of ham radio particularly 
informative, accurate, and up to date 
as it discussed lightning theory, pro¬ 
tection against direct strikes, and pro¬ 
tection against surge and transient 
high voltages. 

As is usually the case, the article 
was well written and documented, 
and, in my opinion, serves as the best 
source of lightning protection infor¬ 
mation that I have seen to date for 
the Radio Amateur. Unless I miss my 
guess, this is a better treatise by far 
than that found in the ARRL Radio 
Amateur's Handbook. Quite frankly, I 
feel it is so good that those editors 
ought to consider lifting the article 
and using it in the Handbook in toto. 

Gerald B. Curtis, WB2FBL 
Westmont, New Jersey 08108 

OSCAR 10-meter 
downlink 

Dear HR: 

Now that the 10-meter band is 
practically fully open for worldwide 
direct communications, perhaps it's 
time to curtail Oscar 10-meter down¬ 
links. The reason for my position is 
that 100 kHz is a lot to take out of 



the usable hf spectrum; now that the 
Soviets have orbited their two vehi¬ 
cles this has increased the "forbid¬ 
den" territory to 200 kHz (29.3 to 
29.5 MHz). 

The pass time over any given area 
may be good for only 15 to 20 min¬ 
utes of acquisition, but since direct 
skip prevails over such a wide area, in 
all directions, this means that the 
effective interference chances are 
multiplied by the number of passes 
and orbit time. 

There are several other factors 
which seem to make satellites with 
10-meter output unacceptable, one 
being the large number of Civil 
Emergency Preparedness stations 
which have been on these frequen¬ 
cies since 1945, another being the 
many low-power stations which 
have been squeezed out of the lower 
part of the 10-meter band. 

I have suggested to AMSAT that if 
they lead the way now by deleting 
the IO meter downlink, the Soviets 
may do likewise on their next ven¬ 
ture. AMSAT is to be congratulated 
for serving 10 meters during the sun¬ 
spot time, but the time to discontinue 
is now! 

Samuel H. Beverage, W1MGP 
North Haven, Maine 

Dear HR: 

My Digital Display, which appeared 
in the March, 1979, issue of ham 
radio, occasionally will reset to 999.9 
instead of 000.0. This problem is easily 
eliminated with the following simple 
circuit changes: 

1. Lift pin 3 of U6 from ground and 

reconnect it to pins 2 and 8 of U6. 

2. Disconnect the line between 

pins 6, 7 of U12, and pin 10 of U9. 

Reconnect pins 6 and 7 of U12 to 

pins 2, 3, and 8 of U6. 

This ensures U12 will always begin 
a count cycle in the same state. 

Frank C. Getz, Jr., N3FG 
Media, Pennsylvania 
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ALL SOLID-STATE 
HF TRANSCEIVER 


Whals unique about the PLL circuit in the IS 12DS 9 

A single conversion PLL (ptiase-locked loop) system is employed in the 
IS 120S Only one crystal is required instead ol a heterodyne crystal element 
ior each band resulting in simplification ot circuitry and a marked improve 
men! m overall stability The single -conversion PLl system also improves 
the spurious characteristics during transmission and reception and makes 
it shirt operation and mono dial in die a lion available on any model 

The VCO frequency is obtained from the PLL circuit hy synthesizing the 
VFO and CAR frequencies and reference oscillating frequencies of 10 MHz 
and bDO kHz supplied by the counler Baiidswiichinq is accomplished by 
changing the preset value ot the programmable dividei in the PLL Therefore 
when switching bands the frequency (except, of course, the 1-MHz and 10 
MHz order digits) remains the same The Irequencie^ for each band and PLL 
stage are shown in the table 

FREQUENCY COMPOSITION OF IKE f S t?0S PLL SYSTEM 


[able The uulpul passes Ihiuugh a lowpass filler (LPF 0 and is amplified 
and (he resulting digital signal is divided by a prugiammable divider produc 
mg a 5QG kHz output 

intormahnn from [he baud switches is cuuvErrted into BCD signals in 
the counter and the division latm as shown m the table is preset The loop 
filler consists ol transistors mounted on Ihe outside lu minimize signals A 
Motorola MC4044P I unctions as the phase comparator Five VCO circuits 
with high-output transistors cover all ol the bands 

If the output of Ehe phase compaiatnr unlocks, VCO output is switched 
oil to prevent emission at unwanted liequencies and at the same hme the 
digital display blanks In warn [he operator 


What is the concept uf the TS-1Z0S digital counter fui displaying frequencies'* 

The T$ 120$ digital counter employs a VFO frequency counting system 
First, the VFO frequency is muted with a 5 MHz signal obtained I mm Ihe 
reference oscillator chain and is convertedto 0 5 to 1MH/ This signal passes 
through a lowpass filter, is amplified, buffered, and shaped mlu a digital 
(square) wave passes through a 0 t second gale circuit, and is applied In a 
fuut digit counter The signal is counted from 10 Hz lo tflfl kHz and is fed lo 
a preset counter to derive the earner output 

fhe tOO kHz order digit presets at 5 to display the operating fimjuency 
on the 3 b 20 5. 29 b and WWV bands, and at 0 tor display on 7 0 14 0 21 0 
28 0 and 29 Q MHz fhe J MHz and 10 MHz order digits are determined by a 
matrix operating with bandswitch information 

The counter outputs are switched by the multiplexer and converted from 
BCO lo seven segment mlormation by Ihe decoder to light Ihe ffuoresceni 
display tubes The large digits have good luminous intensity and a dark filter 
srnvidmg laligue free viewing overlong operating periods The display can 
if? read easily even in fhe car and other sunlit locations 

The reference oscillator produces a 10 MHz signal and performs time 
base division and generates gale pulses latch pulses, and reset pulses 
which are applied to the counter Ihe PLL circuit produces to MHzandSOQ 
kHz outputs The marker circuit produces a 100-kHz signal which synchro 
mzes the 2b kHz multivibrator to obtain a n.dfkei signal as accurate as the 
reference frequency 

fhe 1/10 division at the hrst stage of the count down chain utilizes Inw 
powei Schotlky TTL and other divisions use CMOS ICs for low pnwei can- 
sumphun and minimum spurious emission With Hie IF shill circuit the CAR 
frequency is independent of hath transmitting and receiving frequencies 
When the VFQ frequency is counted the operating frequency is indicated 
as accurately as the reference oscillaior frequency provided that the ID-MHz 
reference is calibialed lo WWV 

True operating frequencies are displayed accurate to three digits (TQfi 
Hz order) regardless of CW transmitting and receiving Irequencies ur the 
pnsihun al the band switch or mode switch When ihe VFO is tuned to the 
extent that the 1 MHz and 10 MHz orders are switched (beyond the band 
edge), these digits are blanked out 


First MIX (3) mutes the CAR and VFO frequencies, using a double baf 
ancfid mixer to reduce spurious signals The output ol MIX (3), alter passing 
through a bandpass filter (BPf 3) is applied to the input nf MIX (I) on the 3 5 
and 1 0 MHz bands On the 14 MHz and WWV bands MIX (2) mixes the nut 
put of MIX (3) with a 10 MHz signal from the counter unit oscillaior On the 
2f and 28 MHz bands MIX {?} mixes the output uf MIX (3) with a 2GMHz 
signal from a doubler connected to the counter unit oscillator 

The output ul MIX (2)-di MIX (1) onthe 3 band 7 0 MHz hands is mixed 
with the VCO output at MIX (1), providing output frequencies shown in the 


FREQUENCIES FOR EACH EJANU AH 11 PLL STAGE 


34.33* 34J3 


































PROPOSED AMATEUR HF allocations did not suffer as a result of the late maneuvering 
that delayed the submission of the hf band portion of the U.S* WARC proposal. Still in¬ 
cluded in the U,S, position are an exclusive worldwide allocation of 1860-1900 kHz* with 
1900-2000 shared; 3500-3900 exclusive with 3900-4000 shared; 6950-7250* exclusive; 10.1- 
10,2 MHz (new) exclusive; 14,0-14,35* exclusive; 18*068-18,168 (new) exclusive; 20,95- 
21.45, exclusive; and 25,11-25.21 (new) also exclusive. Other services were not as for¬ 
tunate as the Amateur Service, however, as the final document sent to Geneva does show an 
increase in broadcast spectrum over that proposed in the FCC "final 1 ' report and order on 
WARC 79 as released in December. 

The 220-MHz Situation has not changed much since the FCC*s rejection of the various 
Petitions for Reconsideration, However, it now appears that the Amateur Service is not 
the only potential loser in the proposed shift that would make maritime prime user of 
the band. The U.S. Navy, which operates sophisticated satellite tracking equipment in 
and around 220-225 MHz* says that It was also unaware of the FCC“s last minute shift and 
seems almost as unhappy about it as are Amateurs. 

SHI FT OF R F I 8FSPQNVIRILITY from manufacturers of susceptible equipment hack to users 
of transmitting equipment (specifically CB, but certainly including Amateurs) was the 
theme of a May 27 Washington Post article by Norm Eisenberg* contributor to the Post's 
Bookworld section. In his piece he underscores "the danger that the responsibility for 
such interference may be placed on the equipment interfered with*" thus causing the 
"victims" to be penalized. He further follows the traditional manufacturer's line that 
HFI preventative measures would degrade equipment performance and raise prices, urging 
readers to write their Congressmen opposing the RFI measures of the proposed rewrite of 
the Communications Act. 

AMATEUR RADIO WAS ATTACKED as "one of the main non-ionizing radiation hazards in the 
United States" at an April 9-10 meeting of the Subcommittee on Public Health Aspects of 
Energy, in New York, The group is an arm of the New York Academy of Medicine's Committee 
on Public Health, reports K6YB* who has an article on the effects of Amateur HF radiation 
on family and neighbors coming out in Ham Radio magazine later this year, 

FCC'S LICENSING DIVISION will move to Gettysburg, the Commissioners decided in late 
May* providing Congress approves the shift* Affected would be about 160 people presently 
in the Washington office, leaving only Licensing Chief Dick Everett and his immediate 
staff behind* 

Amateur And CB Licensees , whose applications are already done by the Gettysburg facil¬ 
ity, would feel little change from the move* The greatest effect would be on the land 
mobile service, whose licenses are presently all processed in Washington* 

A SPECTACULAR CARIBBEAN RESCUE directed by Amateur Radio saved three mariners when 
their sailboat, went down near Saint Martin. 0N7AP/MM* along with his wife and 2-year- 
old child, were en route from Saint Martin to the Azores in their small sailboat, 
l'Oiseau de Passage , when the craft began taking on water* As all their marine band 
equipment was In the flooded forward hold, Alfonso called into the Pacific-Carlbbean DX 
Net on 14175 asking for help. Net control VP2VBK alerted KV4FZ via 2 meters, who in 
turn called Miami Coast Guard, A helicopter was dispatched, but couldn't find the strick¬ 
en vessel before running low on fuel and putting into St, Martin* In the meantime FCC mon¬ 
itoring stations were taking bearings on ON7AP's signal* providing more accurate location 
information for the fixed-wing aircraft now searching. 

As Alfonso Speaks Little English * VE3AUN —- fluent in both French and English — took 
over the reins of the search and rescue effort with 9Y411P* himself a pilot, offering val¬ 
uable rescue advice on the side. The helicopter. Coast Guard 1438, was unable to reach 
San Juan Coast Guard directly, but joined the group on 14175 and was patched into San 
Juan by KV4FZ. 

The 1'Olseau de Passage was finally spotted by a fixed-wing aircraft about 5:00 PM, 
nearly submerged with sails down and the engine dead* The helicopter arrived on the 
scene shortly thereafter, pulling the wife and child off the foundering vessel first and 
rescuing 0N7AP a few moments later. 

Alfonso's Greatest Regret , he said after the rescue* was not being able to save his 
Yaesu FT-277 — "That radio was the thing that saved our lives!" 

Another Rescue In Late April found WD6FFV acting as the liaison between a sinking 
vessel Carmen and the Coast Guard. Tn this case* Mike relayed information between the 
vessel* which was northwest of Jamaica, and Long Beach and Miami Coast Guard. After 
about, an hour of searching* the Coast Guard was able to locate the vessel, dropping the 
needed equipment to the stricken vessel. 

THE AMSAT-Q5CAR USERS DIRECTORY , a valuable tabulation found in each issue of the 
Calibook * needs a new compiler* WR2DNN, who has been doing a yeoman job on the project 
for the past several years, has asked for relief. Involved is reviewing logs and user 
reports* and adding new calls to the Directory as they appear on the air. Contact AMSAT 
if interested in the job* 
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OMNI HAS IT ALL. All the advantages and capabilities, alt the new 
conveniences and new levels of performance you need, wh a lever your 
HF operating specialty. All built-in, ready to use 

ALL SOLID-STATE. All the advantages of total solid-stale from the 
pioneer of HF solid-state technology Reliable, cool, stable — from 
receiver front-end to transmitter final. 

Al l. HF BANDS. From 160 through 10 meters (and all the crystals) plus 
convertible 10 MFfzand tl AUX ' band positions for possible future needs 

ALL BROADBAND. Band changing without tuneup — without danger 
to the final amp. 

ALL READOUTS. Choose OMNI-A fox analog dial (1 kHz markings) or 
OMNI-D for six 0.43" LED digits 1100 Hz readability ) 

ALL VOX AND PTT FACILITIES built in, 3 VOX controls plus PTT 
control at front and rear jacks for external PTT switch. 

ALL SQUELCH NEEDS for tuning and monitoring are built-in 

ALL FILTERS INCLUDED: 4-position CW/SSB filter (150 Hz 
bandwidth with 3 selectable skirt contours) plus 8-pole Crystal filter (24 
kHz bandwidth, 1 8 shape factor ) 

ALL MODE SWITCH puts all filters to work in any mode 

ALL BREAK-IN: Instant or delayed receiver muting to fit any band 
condition or mobile operation. 

ALL-VERSATILE OFFSET TUNING; dual ranges, ±5 kHz range for 

off frequency DX or ^0.5 kHz range for fine tuning. 

ALL-SENSITIVE RECEIVER; from 2 on 160 m to 0 3 on 10 m 

(10 dB S h-N/N) for ideal balance between dynamic range and sensitivity. 

ALL OVERLOADS HANDLED; dynamic range typically exceeds 90 
dB and PIN diode switched 18 dB attenuator also included for extra 
overload protection 

ALL UNEAR/ANTENNA BANDSWITCHING FROM FRONT 
PANEL: auxiliary bandswitch terminals on back panel for external relays 
or circuits are controlled simultaneously by the OMNI bandswitch 
ALL INTERFACE JACKS FOR PHONE PATCH: access to speaker 
and microphone signals. 

ALL-LEVEL ADJUSTABLE ALC; set output from low power to full, 
retain low distortion ai desired drive to power amp 


ALL SIDETONE ADJUSTMENTS: pitch and volume 

ALL- POWERFUL ALL-WARRANTED FINAL AMPLIFIER. 200 

watts input to final Proven design with full warranty for first year and 
pro-rata warranty for additional 5 years 

ALL 100% DUTY CYCLE. For RTTY, SSTV or sustained hard usage. 
ALL -MODE POWER: baste 12 VPC for easy mobile use. external 
supplies for 117/220 VAC operation. 

ALL FRONT PANEL MICROPHONE AND PHONE JACKS. 

Convenient 

PLUS All THE OTHER HANDY BUILT-INS: Timed 25 kHz 
crystal calibrator in OMNI A with automatic 5-10 sec. 'on time for easy 
2-hand dial skirt adjustment Zero Beat switch for placing your signal 
exactly on CW listening frequencies . SWR bndge switches S ' meter 
to read SWR each time you transmit for continuous antenna monitor¬ 
ing Separate receive antenna capability Dual speakers for greater 
sound at lower distortion Plug-In circuit boards for fast, easy field 
service 

ALL-FUNCTIONAL STYLING. "Clamshell'' aluminum case clad in 
textured black vinyl with complementary nonreflectlve warm dark metal 
front panel and extruded aluminum bezel and hail Convenient controls. 
Complete shielding And easier to-use size: 5Vh x 14V wx 14 d 

AND ALL THE OPTIONS: Model 645 Keyer, Model 243 Remote VFO, 
Model 248 Noise Blanker. Model 252 MO AC Power Supply 

Model 545 OMNl-A $899 Model 546 OMNI D $1069 

Experience the all- encompassing HF world of OMNI See yom TEN TEC 
dealer or write for a/J the details 
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_ Swan's,,. 

Success Story: 

a. - 

100MX Power House 

The Field-Proven Rig the Whole World's Talking About 


235 Watt PEP 
and CW on 
ALL Bands 


Price? You won't 
believe it! Just ask 
your dealer. 


All solid state quality American 
construction, with epoxy glass 
boards to withstand the 
rugged mobile environment. 






* • ' 





s 


Look to Swan for Quality Accessories . 
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A Knob with a new 



Swan Astro 150 Exclusive 

Microprocessor Control 
w/memory gives you over 
100,000 fully synthesized 
frequencies, and more! 


■ VRS — Variable Rate 
Scanning, a dramatic new 
technique for unprecedented 
tuning ease and accuracy 

■ POWER —235 watts PEP and CW 
on all bands for that DX punch 

■ Advanced microcomputer 
technology developed and 
manufactured in the U.S.A. 

■ Price? See your authorized SWAN 
dealer for a pleasant surprise! 



astro iso ssb transceiver 


'.‘ODE 


VI C GAIN 


Wide Frequency 
Coverage 

10M — 28.0-30.0 MHz 
15M — 20.8-23.0 MHz 
20M — 13.8-16.0 MHz 
40M — 6.0-8.3 MHz 
80M — 3.0-4.5 MHz 
160M — 1.8-2.4 MHz* 
'in lieu of 1 DM band 
on Modal Astro 151 


Full 

Break-in 

CW 

(or semi, 

switch 

selected) 


Dual Meter 

Reads PEP 
output in watts 
end receive 
"S" units. 


Mike Tuning 

For accurate 100 Hz 
steps or fixed rate scan 


psu-s ^ 

Power Supply 
with Speaker 


ASTRO 150 
Transceiver 


ST-3 Antenna Tuner 


THE MOST ADVANCED HF SSB TRANSCEIVER AVAILABLE 

SOLID-STATE SWAN ASTRO IE 
















































display SSTV pictures 


on a 

fast-scan TV 

Using an integrated circuit 
crt controller plus software 
to provide the interface 
between a computer memory 

and a fast-scan TV 


and 16 gray levels, expandable to 256 
pixels/line. 

2. Allow for transmission of medium-scan 
Amateur television 2 in any format. 

3. Provide the flexibility to enhance the digitized 
picture by simple hardware program commands 
which include interlaced or noninterlaced video 
and fast-scan picture zooming. 

software 

1. Receive or transmit Amateur Radio SSTV with 
128 or 256 pixels per line and sixteen gray 
levels. 


The missing link for all my SSTV projects 1 was the 
interface from computer memory to a normal fast- 
scan TV set. Although commercial units are avail¬ 
able, their cost tends to be high and designs com¬ 
plex. In this article I will present a hardware design 
that is simple and can be easily constructed for less 
than one-hundred dollars. 

Product goals. Prior to starting the project I set a 
few goals for the interface: 

1. The hardware design should be simple, and 
make use of a minimum of components. 

2. The hardware should be reproducible, and flexi¬ 
ble enough to allow for future expansion. 

3. The software should be modular and use as 
much relative addressing code as possible and 
run in ROM. 

Obviously, to accomplish a task like this took care¬ 
ful planning and much thought. The item which 
made the whole project possible was the new family 
of Large Scale Integration (LSI) chips called CRT con¬ 
trollers. 

Specifications. The hardware and software 
package in this article will accomplish the following: 

hardware 

1. Display a digitized slow-scan TV picture located 
in RAM on a normal TV set with 128 pixels/line 


1 2. Zoom by the use of software to transmit on 
SSTV or display on fast-scan TV any one of five 
quadrants of a digitized picture. 

3. Receive quarter-framed SSTV pictures, and 
display them on fast-scan TV or transmit the 
pictures on a composite single-framed picture. 

In order to accomplish these feats, you must first 
have some means of digitizing the picture and inter¬ 
facing the computer with the Amateur Radio receiv¬ 
er. Fig. 1 is a block diagram of my entire computer 
configuration. The detailed design of my SSTV 
analog interface board is contained in my previous 
articles. 1 

general background 

Fig. 2 is a block diagram of the computer video¬ 
interface card which is used to display the fast-scan 
TV. To help you understand the function of this card. 
I'll discuss how a microprocessor functions in this 
type of application. 

A microprocessor is generally a complex logic ele¬ 
ment which moves data to and from memory or ports 
external to the system. In this process, the data 
could be altered in any manner. In my application, 
data is first moved from a port which contains an 
analog-to-digital converter attached to an SSTV 
demodulator. The data is then formatted in the 
microprocessor memory in such a way that if it is 
accessed in a serial manner, converted to an analog 

By Clayton W. Abrams, K6AEP, 1758 Com¬ 
stock Lane, San Jose, California 95124 
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signal, and mixed with sync pulses, you could display 
the information as a picture on a television set. This 
movement of data is accomplished by a series of 
events called instructions. The art of creating these 
instructions is called computer programming. 

If the microprocessor were fast enough, this proc¬ 
ess could be accomplished by software with a small 
amount of hardware. To date, none of the commonly 
available low-cost microprocessor chips are fast 
enough. Obviously, if you would like to display pic¬ 
tures from memory, some sort of hardware device 
must be constructed. As a result of this requirement, 

I designed the following video-interface card. 

CRT controller block 

At this Time, four manufacturers have developed 
LSI CRT controller chips. They are basically complex 
devices which replace the function of approximately 
forty ICs and combine their functions into a single 
package. These chips are designed to interface with 
digital computers and are used mainly in communica¬ 
tions terminals. 

Each controller typically contains a number of 
functional units. Fig. 3 is a block diagram of the 
MC6845 CRT controller. These devices are used to 
address memory as a data refresh buffer, serialize the 
data from RAM, and mix it at the correct time with 
TV sync pulses. Each manufacturer's chip design has 
different features. Some of these features range 
from built-in character generators to full-color 
graphics. 

Since an SSTV fast-scan display application con¬ 
sists of addressing large blocks of RAM (up to 16k), 
only one CRT controller met this requirement, the 
Motorola MC6845. 3 ^ The MC6845 is unique, 
because the chip has more versatility than do any of 


SSTV characters as seen on fast scan TV. 




fig. 1, Block diagram of the computer and SSTV systems, 

the other controllers. This 1C contains eighteen pro 
grammable registers which control the vertical/ 
horizontal timings and refresh RAM address, number 
of scan elements, and lines per picture. 

The unique feature of the chip is that the software 
controls how the chip performs. For example, calcu¬ 
lations of the various controller chip-register values 
were made by fine tuning with an oscilloscope and a 
TV monitor to achieve optimum results. This feature 
is similar to changing variable capacitors or potenti 
ometers in older hardware technologies. Software is 
much faster and more reliable than the older tech¬ 
niques. With software you can achieve textbook 
waveforms with a little experimentation, 

memory accessing 

Another subject which should be briefly discussed 
is direct-memory accessing (DMA). DMA is a tech¬ 
nique for reading or writing to or from memory at a 
much faster rate than allowed by the microprocessor 
software. The three DMA techniques that can be im¬ 
plemented in microprocessors are: 

1* Halting the processor. 

2, Cycle stealing. 

3. Multiplexing the CPU and DMA, 

Each technique has its own advantages. When plan¬ 
ning the project, two DMA methods were investigat¬ 
ed as possibilities in this application, halting the CPU 
and multiplexing. The cycle-stealing method would 
not be fast enough for the refreshing or accessing of 
a video display system. 
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SS-50 



VIDEO 


SWTP BUS (SS-50) 

fig. 2. Block diagram of the video-interface card. 


Multiplexing had a big advantage since the CPU 
and display could share the picture RAM area at the 
same time. This multiplexed-type of operation is 
easily implemented in the 6800 microprocessor since 
both phase 1 and 2 cycles have the same durations. 
In this configuration the CRT controller chip would 
drive the CPU. The CPU would operate as normal, ad¬ 
dressing RAM at a phase 2 cycle time. The display 
would access memory during phase 1 cycle time. 
This method was considered the most desirable, 
however the standard SWTPC 6800 MP-A CPU card 
derives its baud rate from the CPU clock. Therefore, 
this DMA approach was not chosen. If it were, the 
baud rates derived from the CRT controller clock 
would be nonstandard. 

The halting of the CPU was the method I chose for 
my card design. Additionally, halting of the CPU is 
the easy type of design to develop. All that has to be 
done to halt the CPU is to ground the halt line on the 
bus (SS-50). In my application, I decided to be a little 
more elegant than just grounding the halt pin to start 
the operation. The 6800, like many of the more popu¬ 
lar microprocessors, has an instruction called wait 
(WAI). When the microprocessor executes this com¬ 
mand, it waits or does nothing until it receives an in¬ 
terrupt (or signal) from another source. This is the 
method I chose to halt the CPU. While in wait state, 
my special card takes control of the bus and provides 


the signals to RAM to sequentially take the pixels 
(picture elements) and transfer them to the TV moni¬ 
tor. When the microprocessor receives the interrupt, 
the interface card is disengaged and normal micro¬ 
processor operation resumes. The SSTV hardware 
interface to the software is an analog-to-digital (A/D) 
converter and a digital-to-analog converter (D/A). 
The A/D is used to receive the SSTV pictures, and 
the D/A is used to transmit SSTV. Both units are 
connected to an MC6820 PIA parallel port. Fig. 4 
describes the 6820 bits assigned by the software and 
used by the analog card. 

video-card theory 

Fig. 5 contains a schematic diagram of the video- 
interface card. Some of the major components have 
been previously discussed, with the details to follow. 

Initialization. Before the whole process can start, 
the CRT controller chip must be initialized. This initial¬ 
ization tells the controller chip the type of video 
which will be displayed and where the picture is in 
the microprocessor memory. To accomplish this, 
registers in the controller chip must first be loaded 
with data by software, with hardware selecting the 
chip at the correct time. 

Chip selection in the SWTP 6800 system is conven¬ 
iently located on the system mother board. I found it 
convenient to run a wire from the I/O selection line 
on the small socket to the C5 line on the CRT control¬ 
ler chip. This left only the chip ENABLE control 
decoding which had to be installed on the card. 
Since data is valid only during phase 2 of the 6800 
clock cycle, only two signals had to be ANDed, W/E 
and phase 2. The least significant bit of the address 
line (A0) was connected to the chip RS input. Thus 
when A0 is true, the register number can be loaded; 
when off, the data is loaded into the controller chip. 

One important point should be noted when debug¬ 
ging this circuit: It does nothing without initialization. 
When initialized, you can observe the various output 
lines changing. 

Buffering. Since the card shares the same bus as 
the microprocessor, all lines must be buffered with 
either tri-state or low-power Schottky ICs (74LS). 
Tri-state devices have three output states, ground, 
high, and floating. When floating, these chips exhibit 
a high impedance which is almost an open circuit. 
When not in use, the video card floats on the bus. 

When a WAI instruction is executed by the micro¬ 
processor, the bus available (BA) line rises and the 
CPU card floats. I found that the SWTP MP-A CPU 
card has a bug and requires a slight modification to 
properly DMA the bus. Apparently Southwest 
designed the card for DMA; however, they allowed 
one buffer to be in the high state. You can correct 
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this problem by cutting the lead on U12 between pins 
4 and 5. Leave the connection on pin 5, but connect 
a wire from pin 4 to pin 2 of U12. Since many manu¬ 
facturers produce 6800 CPU cards, I suggest that you 
consult your schematics to ensure that your card will 
tri-state the bus when the 6800 BA line goes positive. 

One line that my video card does not control dur¬ 
ing DMA is R/W. Since the video card is always read¬ 
ing RAM during refresh, I let this line float positive. 
The main reason for doing this is that I ran out of buf¬ 
fer modules on the three tri-state buffers {U16, U17, 
and U18). A more desirable state would be to condi¬ 
tion this line positive. 

Memory addressing. The memory addressing of 
the video card is the simplest part of the whole oper¬ 
ation. All of the difficult work is accomplished by the 
CRT controller chip. When initialized, the memory is 
addressed at one half the pixel rate (650 ns). The ap¬ 
propriate sync pulses are also outputted from the 
chip and mixed with the video. 

Data flow. The most important part of the entire 
video card is the flow of RAM data to the TV set. 
Since the CRT controller chip does the difficult task 



fig. 3. Diagram of the functions internal to the MC6845 
CRT-controller 1C. 


OUTPUT SIGNALS - A SIDE OF PI A (6820) 



SYNC START 

BIT ADC 


CONVERSION 

INPUT SIGNALS ~ B SIDE OF PI A (6820) 



fig. 4. Format of the digital signals into and out of the 
6820 PIA. 


of addressing memory, all that has to be done is to 
serialize the information. When RAM is addressed, 
the data is presented to two latches (U5 and U6) 
where each holds four bits of a byte (nibble). The 
data is latched at the end of an addressing cycle, 
with both latches feeding a multiplexer (U7). First the 
lower nibble then the upper nibble are fed through 
the multiplexer. Since each pixel is a nibble, and a 
byte contains two pixels, the data rate is twice the 
memory-accessing rate. This allows the use of 450 ns 
memory to refresh a picture with 128 pixels per line. 
If you wish to refresh a larger buffer with more pixels 
per line (256), you must make the following changes. 

1. Change the crystal frequency to twice the rate, 
12.2888 MHz for 60-video standards. 

2. Re-initialize the CRT controller chip for 128 
characters per line and a memory start address 
of 0000. 

3. Load a picture in RAM from address 0000 to 
3FFF (16k bytes). 

4. Place 16k of static 250-ns access time RAM at 
locations 0000 to 3FFF. 

These steps will produce a fast-scan television pic¬ 
ture with twice the resolution of comparable com¬ 
mercial units. 

video modulator 

The video modulator was designed for its simplici¬ 
ty and low cost. At first I considered using a digital- 
to-analog converter for the modulator. This method, 
on the surface, appeared to be a good approach. 
However, the component count and cost were con¬ 
siderably higher than I expected. Fig. 6 is a plot of 
the excellent linearity of this modulator. The four 1 
per cent resistors could be replaced with 5 per cent 
values by a selection process. Only one resistor had 
to be fine-tuned in the modulator circuit, the 3.3 kil- 
ohm resistor which controls the 70-to-30 per cent 
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fig. 5. Schematic diagram of the video-interface card. 




relationship between video and sync. If the sync is 
too low or high, change the 3.3-kilohm resistor in 
series with U11. The sync portion of the video should 
be.30 per cent of the total swing of the video signal. 

counters and timers 

The main counter on the card is very simple. The 
clock signal is generated by U1 and is divided down 
by U3. The only tricky part is the nibble latch signal 
derived from U2. Since the data is valid only at the 
end of the addressing cycle, it must be latched as 
close to the fall of the address as possible. Calcula¬ 
tions show that if 250-ns memory were refreshed, 
256 pixels/line could be refreshed and latched with 
this scheme. If the latch is marginal, inverters could 
be placed in series with the line for additional delay. 

The timer is used to return from a wait condition of 
the CPU. I derived this return signal by counting 
down the 110-baud rate on the SS-50 bus by 2048. 
This method gave me an interrupt every 1.1 seconds. 

I serviced this interrupt by software, with the inter¬ 
rupt generated by grounding IRQ on the bus line for 
approximately 2 ps (U15). The visible effect on the 



OH AY LEVEL 

fig. 6. Diagram of the linearity of the fast-scan modulator in 
percentage of video signal to gray level. 

issuing the interrupt. This time could be reduced 
since the capacitor used in the single shot was the 
only value I had in my junkbox when the card was 
developed. Two external control signals were placed 
on the I/O connector of the card. These signals are 


I/O CONNECTOR 



fig. 7. Layout of the video-interface circuitry on the prototype board. 


fast-scan TV is one missing scan line every 1.1 
seconds. 

U13 is used to drop the DMA at the correct time 
and issue the interrupt. The BA delay side of U13 
causes the video card to float 8 fis prior to and after 


freeze and escape. Freeze is used to display a contin¬ 
uous picture on the TV screen by grounding the cen¬ 
tral line with a switch. Escape can be used to return 
to the CPU from DMA by grounding this line with a 
pushbutton. The push button will cause an interrupt. 
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D/A CONVERTER/VIDEO MODULATOR 



XTAL OSCILLATOR 


fig. 8. Suggested component mounting layout for use 
with DIP plugs. 

video-card construction 

My card was solder wired on an SS-50 bus proto¬ 
type card. All signals to and from the card were 
routed through the connector at the top of the card. 
The power (8 volts) was obtained from the SS-50 
bus, and regulated to 5 volts by a three-terminal 
regulator on the card. 

Fig. 7 is the layout of the card. I found that the 
component layout was not critical due to the low fre¬ 
quencies involved. Three sockets were used for the 
components on the modulator and the clock circuit. 
The use of dip plugs make a convenient means of 
mounting discrete components. If you wish to exper¬ 
iment with different clock frequencies, new crystal 
plugs could be exchanged quickly. Fig. 8 is a layout 
of the dip sockets I used. 

The only component which may be difficult to 
obtain is the MC6845. This component is currently 
available by mail order from Jade Electronics for 
$29.95. The crystal and other chips can be obtained 
from the same source. The crystal frequency is a 
standard microprocessor frequency. A scattering of 
0.01-^F capacitors should be placed between the 5- 
volt line and ground. These capacitors are not shown 
on the schematic since they are a function of the 
card layout. The card requires no adjustments. The 
software handles all initial adjustments.* 


I decided to revise my software from the previous 
articles of this project for three reasons: 

1. To allow the programming code to reside on 
EPROM with slight changes. No self-modifying 
code was used. 

2. To simplify software operation by providing 
routines that have proven effective in the ma¬ 
jority of Amateur Radio SSTV contacts. 

3. To add new features to the software. 

Fig. 9 contains a memory map of the software. 
The software was written in a top-down manner with 
all of the major routines or subroutines callable from 
other programs. This means that if thn software were 
placed on EPROM, the routines cou i be called like 
macros and used as a basis of a hign-level program¬ 
ming package. Since the software demands the use 
of a small amount of RAM, twenty-two bytes were 
reserved in the A000 region which resides physically 
on the CPU card. The routines were made as versatile 
as possible by placing all delay constants and some 
limited code in this RAM region. 

The RAM constants are initialized during execution 
of the program, and can be modified at any time to 
produce new effects in the reception or display of 
SSTV signals. Table 1 further defines the RAM 
constants. 

CRT controller-chip software 

The CRT controller chip contains eighteen registers 
which can be programmed to produce almost any 
type of video. The chip has quite a large amount of 
flexibility in horizontal and vertical timings. However, 
the crystal frequency selected must be approximately 
correct. I selected the CRT controller crystal by the 
following calculations. 

The first step in crystal selection is to determine 
the over and under scan limits of your monitor. I 
determined that I could lock on video with a horizon¬ 
tal picture display time between 34 and 46 fis. Since 
the most desirable condition for my monitor (Sanyo 
VM4092) is to display a picture with a slight under¬ 
scan, I found that 42 fis was optimum. The next step 
was to calculate the pixel time. I chose to display 128 
pixels per line, and each pixel consisted of 64 bytes. 
Dividing 42 by 64, the pixel time was 656 ns. Convert¬ 
ing this time to frequency and multiplying by four, 
which is the counter-divide ratio, 6.095 MHz was 
found to be optimum. This value was close to an 
off-the-shelf commercial frequency of 6.1444 MHz 
(651 ns). 

The next task was to program the eighteen regis¬ 
ters. The specification sheet for the MC6845 provides 

*A copy of the source code is available by sending a self-addressed, 
stamped envelope to ham radio, Greenville, New Hampshire 03048. 
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more detail on the constant selection. I'll provide 
some of the logic on how I selected my constants, 
since I found the specifications somewhat confusing. 

Horizontal-total register (R0). The horizontal total 
register is the television horizontal frequency divided 
by the clock — 

63.5 fis/651ns = 96 

Bytes to be displayed (R1). For 128 pixels per line 
use 64, and for 256 pixels per line use 128. 

Horizontal-sync frequency (R2). This register 
moves the horizontal-sync position. The effect on 
the TV set is to move the centering of the picture 
right or left. A value of 77 was found to be optimum. 

^Horizontal-sync width (R3). The pulse width 
should be 4-5 /*s, which is a value of 7 (4.55 /*s). 

Vertical-total register (R4, R5). These two regis¬ 
ters determine the vertical frequency. These values 
were determined experimentally by changing R4 
(coarse) and R5 (fine tune) ending at 127, 10. 

Vertical-displayed rows (R6). This constant deter¬ 
mines the number of character rows that will be dis¬ 
played. Since an SSTV picture displayed on fast scan 
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fig. 10. CRT-controller 1C initialization software. 


must have the correct aspect ratio, a value of 120 
was selected. This format causes eight lines not to be 
displayed on the fast-scan screen. 

Verticaf-sync position (R7). This constant was 
chosen by trial and error. A value of 120 produced 
optimum results. 

Interlace (R8). This constant can select three types 
of interlaced video: normal, interlaced sync, or inter¬ 
laced sync and video. An interlaced picture produced 
the best video. Therefore, a constant of 1 was 
selected. 

Scan-line register (R9). This register is used to tell 
the controller the number of scan lines per character. 
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Fast scan picture of a girl's face. 


Since a pixel line has only one scan line, a value of 1 
was programmed. 

Refresh buffer address (R12 and R13)* These two 
registers determine the starting address for the 
refreshing of the fast-scan video picture. Since 120 
lines are displayed, the top four and bottom four 
SSTV lines were truncated. Therefore, a refresh start 
address 0240 (hex) was chosen. This centers the 
SSTV pictures on the fast-scan TV display. 

Fig. 10 is a source listing of a routine to load the 
CRT-controller registers. 

A CRT controller gives you a flexibility never before 
attainable in a video display system. One example of 
this flexibility is the newly proposed medium-scan 
TV. When the medium-scan format is standardized, 
a special crystal dip socket could be constructed and 
new constants placed in the software. When this is 
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fig, 11, Diagram of the RAM space required for the 
SSTV pictures. 


done, the composite video could be connected direct¬ 
ly to an Amateur Radio transmitter. 

With a little imagination, numerous tricks can be 
played with the CRT-controller chip to enhance the 
pictures for display purposes. 

software 

To provide flow charts for this entire package 
would be an enormous task. Therefore, I've selected 
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fig. 13. Flow chart for transmitting an SSTV picture (TRANS1). 


portions of critical routines to flow chart which repre¬ 
sent how the package performs. 

picture area 

Fig. 11 provides a pictorial view of the digitized 
picture in RAM. The picture consists of a 16k-block of 
RAM. This 16k region could be divided up into two 
portions for low-density TV, or a single high-density 
area. I decided to use both densities in the software 
package. The low-density television area was desig¬ 
nated as a primary and a secondary region. The pri¬ 
mary region was used for receiving an SSTV picture 
with 128 pixels per line, and for displaying on low- 
density fast scan. The secondary region was used for 
picture enhancements and a second low-density pic¬ 
ture-storage area. If you are somewhat confused, 
don't worry, I'm sure you will understand as I discuss 
the routines in more detail. 

Main-line routine (START). The program is started 
by executing the instruction at location 4000 (hex). 
The first routine executed is START, which places a 
menu on the screen to display the program options. 
A routine selection is made by hitting a single key. 
The ESC key is used to jump to an undefined pro¬ 
gram. The ESC jump address assembled into this pro¬ 
gram is a location immediately after the ASCII table. 
This was done for future program expansions. Three 
levels of messages were programmed. The highest 
level is the START routine, used for the reception or 
transmission of SSTV with 256 pixels/line. 

The next level is FAST which is used for displaying 
fast-scan TV or transmitting SSTV with 128 pixels/ 
line. The lowest level of messages are in the various 
routines. This menu scheme allows the calling of rou¬ 
tines from other programs with the entry messages 
displayed. 


table 1. RAM constants used to describe the displayed picture. 


label 

location 

bytes 

XSAV 

A014 

2 

XSAV1 

A016 

2 

PIXC 

A018 

1 

LINE 

A019 

1 

CNT2 

A01A 

1 

CNT1 

A01B 

1 

RPIXC 

A01C 

1 

RUNE 

A01D 

1 

RSTAT 

A01E 

2 

RECVC 

A020 

1 

TPICT 

A021 

1 

TLIN 

A022 

1 

TRX 

A023 

1 

NHOR 

A026 

4 


description 

temporary index register store 
temporary index register store 
pixel counter 
line counter 

general counter storage 
general counter storage 
receive pixels 
receive lines per picture 
picture start address 
receive delay constant 
transmit pixels per line 
transmit lines per picture 
transmit delay constant 
program modifications used for 
quarter framing, also used for 
temporary byte store 
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Receive SSTV (RECV1). This routine is a general- 
purpose SSTV reception program. Table 1 lists the 
four constants (starting with R) which must be initial¬ 
ized for the routine to receive pictures from the A/D 
converter. This routine calls six other subroutines 
which store the picture in RAM (STORE), wait for ver¬ 
tical- and horizontal-sync pulses (VERT, HORIZ), and 
get pixels (GETA) from the A/D converter. The con¬ 
stant NHOR is used for quarter framing. This will be 
explained later. This constant is initialized with a RTS 
(39 Hex) which means the call immediately returns to 
the calling JSR. Fig. 12 is a flow chart of the PIXR 
routine which receives a SSTV picture. 

Transmit SSTV (XMIT). This routine is a general- 
purpose transmission routine. Like RECV1, the rou¬ 
tine can be used as a universal transmit routine. The 
three constants in the RAM region, starting with T, 
control the type of SSTV transmitted. This routine is 
set up to transmit 60-Hz SSTV. For those in 50-Hz 
countries, you may wish to redefine the TRX transmit 
delay constant. The XMIT routine is the main line, 
and four other subroutines are called; TRANS1, 
SVERT, SHORIZ, and DELS. The XMIT routine MENU 
allows for the transmission of up to nine pictures to 
be transmitted. Fig. 13 is a flow chart of TRANS1, 
which is used to transmit an SSTV picture. 

Initialization routine (INIT and LOAD). Two rou¬ 
tines are used to initialize the system prior to execu¬ 
tion of the routine, INIT and LOAD. INIT is a simple 
subroutine which initializes the PIA for transmission 
or reception of SSTV. The port assigned by the soft¬ 
ware is 8010 (Hex). The LOAD routine initializes the 
receive and transmit program constants, picture start 
address, and monitor jump address in the first part of 
the subroutine. In the second part of the routine, the 
CRT-controller registers are loaded with the con¬ 
stants previously described. The initialization rou¬ 
tines set the SSTV picture formats for 256 pixels/line 
and the CRT controller is set to display 128 pixels per 
line. 

SSTV zoom (ZOOM). ZOOM is used to enlarge a 256 
pixel per line picture by two times and transmit it on 
SSTV. Five locations can be selected, the four picture 
corners and the picture center. The original picture is 
not destroyed in the process. The enlargement proc¬ 
ess is quite simple. Each pixel and line is retransmit¬ 
ted twice, the net result is a picture enlargement. The 
TRZ routine performs this operation, and is callable 
from another program. To use this routine, load 
RSTAT with the address of the upper left-hand corner 
position of the picture, then call the routine with a 
JSR instruction. Fig. 14 is a flow chart of this routine. 
The ZOOM main-line routine selects the program con- 



fig. 14. Flow chart of the zoom routing on the SSTV 
picture (TRZ). 
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slants and the number of loops through the program 
by displaying the routine's menu on the terminals 
screen. 

Fast-scan format IFMT). This is the last of the 256 
pixels/line routines. This routine takes a high-density 
picture and compresses it 128 pixels/line (low den¬ 
sity). The process is accomplished by simple averag¬ 
ing of pixels. Fig, 15 is a flow chart of this routine. 
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Fast-scan picture with the *oom routine. 


Quarter-framing (QTRIh This routine is used to 
receive four different SSTV pictures and place each 
picture in a different location in a composite picture. 
The routine, when executed, asks which quarter 
frame is to receive a picture. The options are 0 
through 4, which equates to upper left and right and 
lower left and right. The addresses of the various 
locations are listed in TABLE, which is stored in 
RSTAT when selected. Since a quarter-framed pic¬ 
ture has 128 pixels per line and 64 lines, RPICX and 
RUNE are changed to 64, Additionally, every other 
line is received, the RTS instruction at NHOR is modi¬ 
fied to jump to GETP1, This causes the PIXR routine 
to add 64 to X and wait for a second horizontal sync 
pulse prior to placing a new SSTV picture line in 
RAM. This routine assumes that the picture received 
is the same frequency as the last picture received, 
50 or 60 Hz. 

Fast-scan TV routines (FAST). The main line rou¬ 
tine for at) fast-scan options is FAST. All pictures dis¬ 
played or transmitted in these routines have a density 
of 128 pixels. In these routines two picture areas are 
used. These areas are identified as areas 0 and 1. 
Each routine uses three areas in a slightly different 
manner I'll discuss their use later. In order to return 
from FAST to START any other key, except 1 through 


fig. 15. Flow chart of the SSTV format routine (FMT). 


Girl's face with quarter frames. 


This process produces some interesting effects when 
a high density picture is compressed and displayed 
on high-density SSTV, The result is the original pic¬ 
ture duplicated two times on the upper half of the 
screen. The compression of high-density pictures to 
low density by this algorithm process produces some 
artifacts. These artifacts can be seen in the photo¬ 
graphs. I concluded that this problem was due to the 
simple algorithm I used. Since the artifacts occur 
mainly with black and white edges, 1 decided to live 
with this condition. 
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fig. 16. Flow chart of the receive then display on fast 
scan routine (FRECV). 


5, can be pressed. All routine options selected by 
FAST will return to this routine after they are 
completed. 

Display fast scan (FASTI, DISP). This subroutine 
controls all fast-scan displaying. When the main line 
program jumps to FASTI, the 256-pixel picture is for¬ 
matted to 128 pixels and then displayed. If the jump 
is to FAST4, the 128-pixel picture is displayed. The 
routine places a menu on the terminal which asks for 
the number of cycles. A cycle is the number of times 
the DISP subroutine is executed. The DISP subrou¬ 


tine displays a picture for 7 interrupt cycles, or 
approximately 7.7 seconds/cycle. The response to 
this message should be 1 to F (15). The DISP subrou¬ 
tine operates in the following manner. Prior to dis¬ 
playing a picture three initialization steps are 
performed: 

1. The B accumulator is loaded with the number 
of cycles to be displayed. 

2. The interrupt service routine is loaded into the 
IRQ vector address in the monitor (A000). 

3. Address A00E is cleared. This step is required if 
you use an RT-68MX monitor, as I do. 

The interrupt mask is then cleared by a CLI and the 
display process is executed by a WAI command. The 
WAI causes the BA signal on the SS-50 bus to go 
positive, which tri-states the CPU card for DMA. 
After 1.1 seconds, an interrupt is generated by the 
hardware interface card and the RTI instruction 
(DISP3) is executed. This instruction restores all reg¬ 
isters including the PC counter. The next instruction 
after WAI is executed and the process is repeated six 
more times. 

Fast-scan receive/display (FRECV). This routine is 
used to receive and then display an SSTV picture. 
When FRECV is executed, a message asks if 50- or 
60-Hz SSTV is to be displayed. The next message 
asks for the number of cycles. The response should 
be 1 to F (15). The number of cycles is the number of 
SSTV pictures you wish to receive and display on fast 
scan. The displayed picture will remain on the screen 
just long enough to allow reception of the next 
picture. 

When two or more cycles are selected, the picture 
is first loaded into the secondary picture area 0. The 
next picture is loaded into picture area 1. This proc¬ 
ess allows you to store two low-density pictures in 
RAM. A flow chart of the FREC routine is shown in 
fig. 16. 

Transmitting a low-density SSTV picture 
(FXMIT). This routine allows the displaying of low- 
density pictures on SSTV. The routine is an example 
of how to call the XMIT subroutine. Prior to calling 
XMIT, the number of pixels/line and display con¬ 
stants are changed. When XMIT is called, a low-den¬ 
sity picture is transmitted on SSTV. The FXMIT rou¬ 
tine displays a message which prompts the operator 
to display picture 0 or 1. 

Fast-scan zoom (FZOOM). This routine demon¬ 
strates the flexibility of the CRT-controlier chip. The 
routine is used to examine on fast-scan TV an SSTV 
picture in RAM. The picture is examined by magnify¬ 
ing (zooming in on) the picture by two times. The 
zoom is accomplished by moving the SSTV picture in 
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area 0 to area 1. In this movement process, each 
pixel is doubled along with doubling the lines. The 
CRT-controller chip is then re-initialized for the pic¬ 
ture 1 area by CRT3, and is then displayed on fast 
scan as a magnified picture. Fig. 17 is a flow chart of 
this routine. 

This completes the description of the operation of 
the software package. A few systems considerations 
will be discussed in this section. The programming 
package assumes that a MIKBUG-like monitor is 
used. All MIKBUG calls are contained in the equate 
table at the beginning of the source code. The soft¬ 
ware assumes that two memory-mapped I/O ports 
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are used for the SSTV analog-card (8010) and the 
CRT-controller card (8030. The 803X address was 
used because my system has a second mother 
board. All of the CRT-controller program I/O calls are 
located in the routine with CRT 1 through 3 labels. 
Don't forget that the CRT-controller-chip's least-sig¬ 
nificant bit (LSB) of the address identifies either a 
register number or register data, i.e., LSB = 0 
(data), LSB = 1 (register number). 

Delay loops are also used for timings. The timing 
loops are used to receive and transmit SSTV pictures 
through the hardware interface. Delay-loop con¬ 


stants in the software were selected and based upon 
the SWTP MP-A CPU clock frequency of 1.7971 MHz. 
If you use another CPU card, the constants will have 
to be altered. 

EPROM program relocating 

If you wish to relocate the software to reside on 
EPROMS, the task is quite simple. I assembled this 
program on a boundary which can be easily relocat¬ 
ed. I tried to use a minimum amount of absolute code 
in my assembly. To relocate the program, scan the 
source listing for JMP or JSR instructions which 
address the 4XXX RAM region. All that has to be 
done is change the 4XXX hex to another digit, i.e., 
CXXX. For example, I have relocated the software to 
run in 2708 EPROMS at location CXXX by this tech¬ 
nique. Since the package is greater than Ik, two 
2708 EPROMS are required. 

summary 

The displaying of gray-level pictures by use of 
microprocessors opens many new areas for the 
home hobbyist. The software techniques discussed 
in this article could be easily adapted for receiving/ 
displaying weather satellite pictures by simply chang¬ 
ing program constants. Only the hardware demodu¬ 
lator interface has to be modified. Potential applica¬ 
tions are almost endless. 

Some may find my SSTV character-generator pic¬ 
ture of interest. I created this picture by software 
which is coresident with the fast-scan program. I do 
not intend to publish this program in this form. 
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*G. N. Chapman, VK2AIT, 70 Cliff Road, Epping, NSW, 2121, Australia. 
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NOW YOU CAN HAVE BOTH 



HIGH QUALITY & LOW COST! 


The DS2000 KSR FROM HAL 


HAL design experience now makes it possible to offer you an 
efficient, reliable, and cost effective terminal for your RTTY or 
CW station. Investigate the new DS2000 KSR from the 
people who KNOW HOW to build RTTY and CW equipment. 
See how you can get great performance and save money too! 

• /nfegrated keyboard and video generator 

• 72 character line 
m 24 line display 

• 2 programmabie "Here Is " messages 

• Automatic carnage return and line feed 

• QBF and RY test messages 

• Word mode operation, full screen buffering 

• A/I 5 standard Baudot speeds 

• 110 and 300 baud ASCII 

• CW identification at the touch of a key 

• Morse code transmit 

• Morse code receive /optional] 
self tracking speeds from J -1 75 tv pm on r 
separate plug- in circuit board 
(Available June. 1979) 

• All in a convenient, small cabinet 
(H.V'x 9.25"x 4.35") 

Price: $449-00 

Optional Morse Receive Board: $149.00 
Optional 9" monitor: $150,00 


BIG PERFORMANCE 

SMALL SIZE.. .SMALL PRICE 

If you're looking for an RTTY demodulator 
with great performance on both the HF 
and VHP bands, take a look at the ST-5000 
from HAL. The use of active filters with no 
phase-lock loop or 'single tone’ short cuts 
ensure the kind of performance you ex¬ 
pect. Full features in an attractive and com 
veniently smalt package make this demod¬ 
ulator a value that's hard to beat! 

• Hard limiting front end 

* Active discriminator 

• Active detector 

* Wide and Narrow shift 
(850hz and 170hz) 

9 Normal and Reverse sense 
9 Autostart 

9 Self -contained high voltage loop supply 
9 RS-232C voltage output (direct FSK) 

9 Audio tone keyer (AFSK) 

9 Provision for external tuning scope 

# Attractive, small cabinet 

(2.75"Hx8''D xl2" W) 

• Fully assembled and tested 

Price: $225-00 



For more information call or write us at; 



HAL COMMUNICATIONS CORP. 

P.O. Box 365 
Urbana. IL 61801 
Phone:217-367-7373 

In Europe contact: 

Richter & Co.: Hannover 
I.E.C. Interelco: Bissone 
























uhf local-oscillator chain 


for the purist 

Design and construction 
of an LO system that offers 
excellent spectral purity, 

stability, and 
calibration tolerance 

with output 
between 380 and 540 MHz 

For many experimenters a major stumbling block 
toward building a high-performance uhf or micro- 
wave station seems to be the local-oscillator chain. 
This is especially true in EME applications, where 
any degree of success demands spectral purity 
affording at least 60 dB spurious rejection, calibration 
tolerance to within a few hundred Hz, and frequency 
stability of a few tens of Hz over the temperature 
extremes encountered in the station. These stringent 
requirements, along with the extensive test-equip¬ 
ment required to verify them, seem to put the whole 
business of LO design and construction into the 
category of "more art than science." 

background 

Certainly the most artistic uhf LO developed in 


I recent years is the circuit by Joe Reisert, W1JR, 
originally published in his now-defunct W6FZJ 432 
MHz EME Newsletter. The circuit has since been pre¬ 
sented in ham radio 1 and duplicated by hundreds of 
uhf enthusiasts with a high degree of success. I 
used Joe's circuit in my original 1296-MHz transceive 
converter 2 and was entirely pleased with the results. 
The design offers exceptional spectral purity (fig. 1), 
good thermal stability, and adequate calibration 
tolerance (all as functions of the crystal used, of 
course). 

Joe's circuit was designed to be built in three- 
dimensional space above an unetched PC board, 
which was used merely as a ground plane. I devel¬ 
oped printed-circuit artwork for this LO some time 
ago to improve its repeatability by ensuring proper 
component layout. During the PC-artwork develop¬ 
ment, it seemed reasonable to replace a number of 
discrete components with their microstripline equiva¬ 
lents, thus reducing component count and cost. 
This task completed, I trimmed from the circuit every 
nonessential component in further attempts at cost 
reduction. When I realized that my circuit bore 
little resemblence to Joe's original design I threw 
caution to the wind, abandoned his original frame¬ 
work altogether, and ended up with a completely 
new uhf LO. 

spectral purity 

The result is shown schematically in fig. 2. I call it 
"Mr. Clean" in recognition of the excellent spectral 
purity achieved (see figs. 3 and 4). The circuit can be 

By H. Paul Shuch, N6TX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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built for a 5-mW output at any desired frequency be¬ 
tween 380 and 540 MHz, thus serving well as an LO 
for 432-MHz converters, 1296- or 2304-MHz con¬ 
verters (if followed by an appropriate x3 or x4 
multiplier), or a weak-signal source. The circuit offers 
spurious rejection of more than 40 dB, a calibration 
tolerance of + 10 ppm, and temperature stability on 
the order of ±0.3 ppm/°C over the range of - 10 to 
+ 60C. To date I've built more than 50 copies of this 
circuit, all with equal performance. The design has 
also been successfully duplicated with little difficulty 
by W60AL, K0JHI, and WA6TLX. 

The importance of spectral purity in a uhf LO can¬ 
not be overstressed, especially when the output fre¬ 
quency is multiplied into the microwave region. Fig. 
5 is an example of the LO output of a popular Euro¬ 
pean 1296-MHz receiving converter. Compare this 
figure with the LO of my 1296-MHz system (fig. 6). 

oscillator circuit 

The primary requirements for a usable local oscil¬ 
lator, as mentioned previously, are stability and spec¬ 
tral purity. Frequency stability is generally achieved 
by using an oscillator circuit that draws minimum 
current through the crystal (thus minimizing crystal 
heating). This in turn dictates operating the basic 
oscillator at an extremely low output power level and 
making up the necessary gain in the following buffer 
or multiplier stages. 

I learned from Joe Reisert some time ago that it's 
important to let the crystal oscillate at its natural 
resonant frequency. That is, when plugging a crystal 
into the oscillator circuit for which it was cut, you'll 



fig. 1. Dc-to-2 GHz spectral display of the Reisert local oscil¬ 
lator (reference 1) shows its excellent spurious-response 
rejection. Vertical scale is 10 dB/division; horizontal scale is 
200 MHz/division; resolution is 1 MHz. 


achieve the greatest stability by letting the crystal 
oscillate wherever it wants to. Any attempt to VXO 
or “rubber" the crystal's oscillation frequency to 
achieve a desired dial calibration will result in a net 
degradation of local-oscillator stability. This is espe¬ 
cially true when the crystal frequency will subse¬ 
quently be multiplied to the ultimate output fre¬ 
quency. 

Since frequency pulling of the oscillator is to be 
avoided in the interest of stability, great precision is 
required in the crystal frequency calibration, with 
reespect to the particular oscillator circuit used, if the 
i-f calibration is to bear any relationship to the op¬ 
erating frequency. Crystal manufacturers can gen¬ 
erally optimize custom-ground crystals for operation 


+12 V 



Cl 8-24 pF ceramic trimmer 

C2 1000-pF feedthrough 

C3-C6 0.01 -/iF miniature ceramic discap 

C7 33 pF chip cap (ATC 100B or equivalent) 

C8-C10 1-9 pF piston trimmer (Triko203-09M or equivalent) 
CR1 9.1 -V zener (1N757A or equivalent) 

CR2 1N3600 (or equivalent general-purpose silicon diode) 
J1 Output receptacle (E. F. Johnson 142-0298-001 

or equivalent) 


LI 4t 1-mm (no. 18 AWG) tinned, 17.8 mm (0.7 inch.) diam¬ 
eter x 5 mm (0.2 inch) long. Tap 11 up from C5 end 
L2, 3 Microstripline inductors (see PC artwork) 

Q1,2 2N5179 

R1, 2 180 ohms 5% % w carbon composition 

R3 330 ohms 5% V* w carbon composition 
Y1 International Crystal OE-5 oscillator module. Frequency 
between 95-135 MHz (f out /4) 

RFC1,2 0.33 /*H miniature molded choke 



fig. 2. Schematic of the Microcomm Model LO-70 uhf local-oscillator chain, which evolved from the design by 
Joe Reisert, W1JR. 
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in a particular circuit, provided the schematic is 
supplied. Unfortunately, when ordering high-pre¬ 
cision crystals from two different reputable manu¬ 
facturers for use in Reisert's oscillator circuit, I found 
calibration errors on the order of 10 kHz at 432 MHz 
— certainly beyond my expectations for a $30 crys¬ 
tal! And since you can be certain the crystal manu¬ 
facturer certainly didn't build up Reisert's circuit and 
check the crystal for proper operation in it, perhaps 
it's better to use an oscillator circuit with which the 
crystal manufacturer has some experience. 

I decided to use an oscillator circuit of the crystal 
manufacturer's choosing. In so doing I found that 



fig. 3. Spectral response of the local oscillator presented in 
this article compares favorably with the Reisert circuit. The 
analyzer settings are as in fig. 1. 


crystals from widely separated production runs all 
fell well within the manufacturer's calibration toler¬ 
ance limits of ± 0.001 per cent, as well as the claimed 
thermal stability specifications of ±0.002 per cent 
from -10 to +60°C. The crystal and oscillator cir¬ 
cuit (on a PC board, inside a can for shielding) are 
available as a preassembled module from Interna¬ 
tional Crystal Manufacturing Company as their 
Model OE-5. Specifications and the oscillator sche¬ 
matic are shown in fig. 7. This assembly costs 
around $20 in single quantities, supplied at your se¬ 
lected operating frequency in the 100-MHz range. 
Since it's no more expensive than a crystal of equiva¬ 
lent specifications ordered separately, why bother to 
build your own oscillator circuit?* 

Output power from the OE-5 oscillator module is 
low, on the order of 1 /2 mW, which certainly holds 
down crystal heating. Spectral purity is enhanced by 
starting with the highest crystal frequency practical 
(in this case, around 100 MHz), and performing low- 
order integer multiplication in active stages whose 
bias current is optimized to the favored conduction 

# Lead time for this oscillator module runs typically six to eight weeks, so 
order well in advance. 



fig. 4. Spectral display of the Microcomm LO-70 LO-chain 
(operating frequency ± 100 MHz) shows the absence of 
close-in spurious components. Vertical scale is 10 dB/divi¬ 
sion; horizontal scale is 20 MHz/division; resolution 
is 1 MHz. 

angle for the multiplication desired. This oscillator, 
like Reisert's, uses two common-emitter bipolar 
doublers operating Class C. Each multiplier stage 
affords about 5 dB gain, so the output power from 
the LO chain is on the order of 5 mW (7 dBm). 

Note that, from the OE-5 circuit schematic in fig. 
7, the oscillator output is taken from a link in a par¬ 
allel-resonant circuit. This coupling link provides a 
dc bias return for the base of first doubler transistor, 
Q1, as seen in the LO chain schematic, fig. 2. Trim¬ 
mer capacitor Cl is used to resonate the OE-5 mod¬ 
ule output coupling link, which provides a double- 
tuned interstage and greatly improved spectral pur¬ 
ity. However, as with all double-tuned circuits, these 
two tanks are somewhat interactive, so during 
tuneup it may be necessary to readjust the OE-5 
trimmer capacitor along with Cl. 


circuit description of the LO chain 

The 200-MHz signal from Q1 is applied through 



fig. 5. The importance of spectral purity in a uhf local oscil¬ 
lator chain is compounded when the output frequency is 
multiplied into the microwave region. This is the output of 
the local oscillator used in a popular European 1296-MHz 
receive converter. The effect of inadequate filtering at all 
stages is evident. 
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tuned circuit LI, CIO, to the base of the second 
doubler, Q2. Nothing exotic here, but Q2's collector 
feeds a rather unusual output-filtering arrangement, 
which is largely responsible for the spectral purity of 
this LO. Basically, microstripline inductors L2and L3, 
with trimmer capacitors C8 and C9, form two par¬ 
allel-resonant circuits. RFC2 inductively top-couples 
them for a standard two-pole bandpass. 

There are really more filtering elements here than 
meet the eye. For example, Q2's collector feed 
choke, RFC1, and coupling capacitor, C7, form a 
single L-section high-pass filter, which keeps any 
200-MHz component from Q2's base from entering 
the output filter. Additionally, C8, C9, and RFC2 
form a pi network lowpass filter which supresses 
harmonics from Q2. Thus the entire output cir¬ 
cuitry consists of one lowpass filter, one high-pass 
filter, and two bandpass sections — all ensuring that 
Mr. Clean lives up to its name. 

construction 

All components including the OE-5 oscillator mod¬ 
ule mount on a 63.5 x 76 mm (2.5 x 3 inch) PC 
board. PC-board artwork is provided in fig. 8. Micro¬ 
stripline dimensions are a function of the material 
used, so be certain to etch this board on 1.6 mm 
(0.0625 inch) thick fiberglass-epoxy PC laminate, 
double-clad with 1-ounce copper (0.035 mm or 
0.0014 inch thick). One side of the board should 
remain unetched to serve as a ground plane. 

Drill the board as in fig. 9. Note that to avoid short 
circuiting the OE-5 power and output pins as well 
as the rf output at J1, it's necessary to remove 
ground plane metal from around the three holes 
marked countersink in fig. 9. A 3.25-mm, (0.125- 
inch) twist drill does an adequate job. Be careful not 
to drill too far through the board! 

Note that in fig. 2 the ends of the output filter 



fig. 6. The output spectrum of the author's 1296-MHz sys¬ 
tem contrasts sharply with that of fig. 5. This clean display 
results from driving the uhf LO described in this article into 
a well-filtered multiplier circuit. Spurious rejection over the 
dc-to-2 GHz region approaches 60 dB. 




20 mm 
(OSIN) 
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RF 
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OUT 

GND 
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OE-5 


OSCILLATORS 


BATTERY 9.5 VOC AT 10 mA 

TEMP STABILITY -tO TO 60’c ±.002% REF 25 C 


RF OUTPUT LOADED 

5 0 OHMS 

25°C TOLERANCE 


0.2 VOLTS NOMINAL 
± 001 % 


NOTE SCREWDRIVER ADJUSTS COLLECTOR 
TUNING, NOT FREQUENCY 


25 A mm 
(LOIN) 


fig. 7. Schematic, dimensions, and specifications on the 
International Crystal OE-5 oscillator module. 


microstripline inductors (L2 and L3) are grounded 
through the board. This can be accomplished by 
installing small 1-mm (0.04-inch) OD eyelets through 
the board at two locations indicated in fig. 9. These 
eyelets can be set then soldered to both sides of the 
board to ensure a reliable ground. For those who 
prefer not to prepare their own board, an etched, 
drilled, and plated board, with eyelets in place, is 
available from the author. * 

Component layout on the printed circuit board is 
shown in fig. 10. I recommend mounting ail com¬ 
ponents except the OE-5 oscillator module; save that 
for last. Note that R3, C8, C9, CIO, and the emitter 
and case leads of Q1 all ground to a large ground 
plane area on the stripline side of the board as well 
as the unetched ground plane side. Be sure to solder 
these components at both sides. 

When mounting the OE-5 module to the ground 
plane side of the main board, there's a slight chance 
that circuit traces on the OE-5 board might short cir¬ 
cuit to the ground plane. Make a thin spacer from 
sheet acetate or Teflon the size of the OE-5 board, 
with holes drilled for the three pins. When installing 

*An etched, drilled, and plated board for this local oscillator, complete with 
grounding eyelets for L2 and L3, is available for $6.50 postpaid in the U.S. 
and Canada ($7.00 elsewhere) from Microcomm, 14908 Sandy Lane, San 
Jose, California 95124. A completely assembled LO chain, adjusted to your 
selected operating frequency between 380-540 MHz, is also available at 
nominal cost. Send a stamped, self-addressed envelope to Microcomm for 
details. Amateurs indicate callsign on correspondence. 
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fig, 8. Full size PC board layout for the uhf local oscillator. 
Substrate material should be 1,6 mm 10.0626 inch) thick 
fiberglass-epoxy PC board, double clad with 1 ounce copper 
(microstriphoe side shown). 


the OE 5, grasp the three pins firmly with needle 
nose pliers. Gently ease each pin, one at a time, into 
the main board. Do not use force. 

tune up 

There are at least three different techniques for 
tuning this local oscillator chain, 1 hope you can keep 
them straight, because in this section I'll tell you a) 
how not to tune an LG, b) how I tune my LOs, and c) 
how to tune yours. 

Avoid like the plague the "maximum smoke" tech¬ 
nique. It s not possible to successfully tune this cir 
cuit, Reisert's circuit, or anyone else’s L0 circuit, for 
maximum indicated output power alone. Fig. 11 
illustrates quite graphically that if you tune for maxi 
mum power it's likely to be distributed over a maxi¬ 
mum number of frequencies. I can't overemphasize 
the importance of tuning up uhf LO chains using 
proper test equipment together with a systematic 
procedure for minimizing spurious spectral re¬ 
sponses. I'm a firm believer in the use of spectral 
analysis and wouldn't dream of tuning up one of my 
own LO chains without the use of a microwave spec¬ 
trum analyzer. Take another look at fig. 3 and com¬ 
pare it with fig. 11. You can see the dramatic effect 
of tuning each stage of the LO chain for maximum 
spectral purity rather than maximum output. And 
the test equipment needn't put you into hock for¬ 
ever. Even a simple homebrew spectrum analyzer^ 
will allow you to achieve spectacular purity. 

But you probably don't have a spectrum analyzer 
and cringe at the thought of having to build one 
before you can tune the LO you've just finished con¬ 
structing, right? There's another way; I call it the 
"poor man's spectrum analyzer." You'll need a vhf 


cavity wavemeter (a grid-dip oscillator in the wave- 
meter mode will do), some sort of a relative power 
indicating device (the one I told you not to use in 
method a above), and a bandpass filter tuned to the 
approximate LO output frequency. (There are some 
constraints surrounding the selection of the proper 
filter, which I'll cover later.) You'll also need some 
sort of resistive attenuator or pad, 3 to 10 dB, with a 
50-ohm impedance and a volt ohmmeter. 


Preliminary steps. First connect the pad to the LO 
output connector, the power meter to the other 
end of the pad, and a +12 Vdc supply to feed¬ 
through capacitor C2, Caution: Do not exceed 12 
volts, as this is the V ceo (maximum co!lector-to 
emitter potential) of the 2N5179s used as the multi¬ 
plier transistors! In fact, series diode CR2 does pro¬ 
vide some protection, and I have not had any tran¬ 
sistor failures operating at 13.5 volts from a fully 
charged car battery — but why take chances? 

With power applied, tune Cl and the OE-5's trim¬ 
mer cap until the OE-5 oscillates, as indicated by an 
abrupt increase in supply current. With the OE-5 
oscillating, set up the grid dipper in the wavemeter 
mode, tune it to the crystal frequency, and sniff 
around the microstrrpline going to the base of Q1 
for some rf. Once you've found it, disconnect V cc , 
then reconnect it. Did the oscillator start? If not, try 
retuning the OE-5 trimmer and Cl slightly until the 
oscillator starts reliably each time. 

Now tune the first multiplier. As LI and CIO are 
tuned through resonance, 02 base will be biased into 



Key 

A install eyelet here (see text! 

■ no. 60, 1 mm (0 04 inch) (11 places! 

-f- no. 56, 1.2 mm (0.046 inch! (5 places) 

+ no. 49, 1 85 mm 10.073 inch) (3 places) 
f no. 27, 3.7 mm 10.144 inch) (5 places] 

^ no. 12, 4.8 mm (0.189 inch) \2 places) 

countersink ground plane side here (see text) 


fig. 9. Drilling template for local oscillator PC board (viewed 
from microstripline side). 
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conduction and supply current will increase by 5 10 
jtiA {Q2's collector current}. Try it. The only prob¬ 
lem is that tank LI/CIO may resonate at more fre 
quencies than the desired T x iai x 2. So tune the dip- 
meter fsrilJ in wavemeter mode) to the second har 
monic of the crystal frequency, couple it loosely to 
LI, and tune for an indication of rL Once you've 
found it, repeak Cl and CIO for the combined occur¬ 
rence of maximum rf and maximum supply current; 
then check to make sure the oscillator still starts up 
each time power is app/ied, If not, retweak the oscil 
lator trimmer slightly until it does. At this point you 
should start to see some indication of rf at output 
connector J1. Remember that your relative-power 
indicator can't distinguish between frequencies, but 



fig, 10. Parts layout, Microcomm model LG-70 uhf local 
oscillator (microstripline side!. 

just for starters, tune C8 and C9 for maximum out¬ 
put. At this point the output spectrum {if you could 
see it) would probably appear as in fig. 11, but don't 
worry about it. 

Final adjustments. Now that you've completed the 
preliminary tune up you're ready to clean up your 
act. Insert the bandpass filter (tuned to the desired 
output frequency) between the pad and the power 
indicator, and carefully re tweak all trimmers for maxi¬ 
mum output power. The adjustments will interact, so 
go back and do it again. Check to make sure the 
oscillator still starts each time you apply power. 
When youTe finished remove the filter and pad, and 
measure output power at J1, It should be on the 
order of 5-10 mW, and the spectrum should appear 
as in fig. 3. 

But don't count on it. The first time I tried this 
procedure, I ended up with almost as much output 
at 1200 MHz as I had on 400 MHz. This didn't make 
much sense to me, as I was using a high-G, quarter- 



fig, 11, This spectral display, with measurement conditions 
as in figs. 1 and 3, illustrates the importance of tuning the 
local-oscillator chain using a spectrum analyzer. This is 
what results if the LO is tuned for maximum output as indi 
cated on a power meter Note that the worst spurious com 
ponent is down by only 10 dB T 

wavelength, trough-fine fifter in aligning the LO, 
and I knew it had sharp skirts! Just for good measure 
I swept the fitter, and the problem became im¬ 
mediately evident (see fig. 12). A quarter-wave 
transmission line, shorted at one end, makes a 
dandy resonator. Unfortunately, so does a three- 
quarter-wavelength transmission line. The fifter f 
chose exhibited a passband at the third harmonic of 
the LO frequency, and by tuning for maximum sig 
naf through the fifter, I was actually optimizing the 
spurious output! I mention this because quite a few 
bandpass filters exhibit multiple resonances. The 
halfwave slab resonator described in the ARRL 
VHP Manual and Handbook does, so it would not 
yield a spurious-free output if used as a tune-up aid 



fig. 12, Swapt-frequency response of the quarter-wave, 
trough-line resonator first used as a tune-up aid for this LO. 
as described in the Text, Vertical scale is 5 dB/cm with the 
second major division from the top of the screen represent 
ing 0 dB insertion loss. Horizontal scale is 250 MHz/cm. 
yielding a dc 2 S GHz display. Note that, while the insertion 
loss at 400 MHz {the desired frequency! is less than 1 dB. the 
insertion loss at the third harmonic (1200 MHz) is on the 
order of only 3 d8. 
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fig, 13. Swept-trequeney response of the Microcomm 
model PB-70 filter ultimately used as a tuning aid for align¬ 
ing this 10. as described in the text. Vertical and horizontal 
scales are as in fig T 12. Note absence of spurious responses 
out to 2,6 GPU, as well as the passbend insertion loss of less 
than 1 dB. 

for this LO. Best bet is to use either an interdigital 
filter or helical resonator, or a multipoie design 
whose interstage coupling is designed to supress 
higher-order modes. The Microcomm model BP 70 
is one such filter {see fig. 13), as is the Spectrum 
international model PSf432. Also useful are the sur¬ 
plus military filters of the F I97/U variety, which 
have recently surfaced at numerous ham auctions 
and flea markets around the country. 

Given a single-response bandpass filter tuned to 
the approximate operating frequency of the LO, it's 
possible to tune this oscillator circuit to a degree of 
spectral purity rivaling that achieved on a laboratory 
microwave spectrum analyzer. 

conclusion 

i've presented a uhf local-oscillator chain that 
offers stability, calibration tolerance, and spectral 
purity on a par with Joe Reiser!'s very fine circuit, 
but with fewer components and easy assembly on a 
PC board. I am currently using this LO in my 432- 
MHz receive converter, driving multipliers in my 
1296- and 2304-MHz converters, in my 1296 MHz 
hand-held transceiver, and in an S-band satellite 
ground station design I am producing commercially. 

I find the circuit easy to assemble and extremely 
reliable, t hope other uhf and microwave experi¬ 
menters find it useful. 
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CRYSTAL FILTERS and DISCRIMINATORS 

9*0 MHz FILTERS 

XF9 A 
XF9 B 
XFh-C 
XF9 D 
XF9E 
XF9 M 
XF9 NR 

9*0 MHz 

XF90Q 
XF901 
XF902 
XF903 
F-OS 
F 06 


2.5 kHz SSB TX $42.65 

2*4 kHz SSH RX/TX $5/ 90 

3,75 kHz AM $62 25 

5.0 kHz AM $62.25 

12 0 kHz NBFM $62.25 

0.5 kHz CW (4 pole) $43 55 

0.5 kHz CW (S pole) $77 15 

CRYSTALS (Hc25/u) 

9000.0 kHz Carrier $5 00 

8998 5 kHz USB $5 00 

9001.5 kHz ISB $5.00 

8999 0 kHz BFQ $5.00 

Hc25/u Socket Chasm 50 

Hc25/u Socket P.C. Board .50 

VARACTOR TRIPLERS 


Exptnt 

hupiiries 

Invited 

Shipping 
$1.50 
per filter 


The low easy way tq Operon !be 43? MHi .ind 1296 firtHr bands. 
For OSCAR 7, mode B. drive l hr MMv432 family varactor tripler wilh your 
2 meirr transmitter. The wideband varactor triples cover ihe foil 2M/43? 
hand without rnlining 

NO power supply required for va rati Or triplets; efficiency apprommalely 50%. 
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linear amplifier design 


The designer of a linear amplifier should be con¬ 
cerned with the proper potentials required to make 
the power tube operate in a linear manner. The word 
linear implies that the output signal of the amplifier is 
a ft amplified replica of the input signal. There's no 
such thing as a perfect linear amplifier, and the 
designer's problem is to make the practical amplifier 
(i.e ., the amplifier that can be built) as linear as 
possible. 

When a linear amplifier is driven by a complex sig¬ 
nal, such as the human voice, nonlinearity results in 
intermodulation distortion. This unpleasant form of 
distortion creates a broad, raspy signal that throws 
annoying ''buckshot" into adjacent channels. Proper 
design and operation of a linear amplifier reduces this 
distortion to a minimum. 

amplifier circuit and mode 

There's a lot of confusion with regard to the so- 
called "grounded-grid" amplifier. Rf power ampli¬ 
fiers are classified according to circuitry and mode of 
operation. The two classifications should not be con¬ 
fused with one another. For Amateur service, the 
two most popular circuits are the grid-driven circuit 
and the cathode-driven circuit. As shown in fig. 1, 
the circuits are remarkably similar, the most obvious 
difference being the placement of the ground point in 
relation to the input and output circuits. 

The mode of operation refers to the dynamic oper¬ 
ating characteristics of the tube (class AB^, class B, 
or class C). Characteristics of the classes are given in 
reference material listed at the end of this article. For 
linear service, the power tube amplifier is commonly 
run in either class ABt or class B service. Thus, mod¬ 
ern equipment may have an intermix of circuitry and 
mode — the cathode-driven amplifier may be oper¬ 
ated in a class ABi mode, for example, or the grid- 
driven amplifier may be operated in the class B 
mode. 

So far. I've not discussed the popular grounded- 
grid amplifier. This is a sloppy term which usually 
refers to a cathode-driven amplifier, working in the 
class B mode. "Grounded grid" implies cathode 
drive, but in such a circuit the grid may not neces¬ 
sarily be at dc ground potential, especially with 
respect to screen voltage (see fig. 2). Rf ground and 


I dc ground are not always the same in a linear 
amplifier, and most circuit engineers shudder at the 
use of the term. 

amplifier plate circuit 

While this series of articles concerns itself with lin¬ 
ear, cathode-driven-amplifier design, the remarks 
about the plate circuit apply equally well to grid-driv¬ 
en amplifiers. It is desirable to operate any linear 
amplifier with a very minimum of intermodulation 
distortion, with high-plate efficiency, and with high 
power gain. The latter is especially important, as it 
affords maximum power output with a given amount 
of drive power. The class B mode of operation meets 
these requirements. 

Shown in fig. 3 is a graphical representation of a 
class B amplifier, showing the operating cycle of the 
tube. This is the portion of the electrical cycle over 
which the tube grid is driven positive (approaching 
-he) with respect to the cathode (or the cathode 
driven negative with respect to the grid). When the 
grid potential is highly negative with respect to the 
cathode (approaching - e), the tube is cut off and is 
inoperative. In the class B amplifier, the operating 
cycle is about one-half the electrical cycle, or approx¬ 
imately 180 degrees. The transfer curve plot shown 
indicates that the tube delivers power only over one- 
half of the electrical cycle and is cut-off during the 
other half of the cycle. Does this mean that the out¬ 
put signal consists of half-sine waves as shown, and 
is therefore highly distorted? Not at all. 

The amplifier plate circuit (often called the tank cir¬ 
cuit) saves the day, since the energy storage ability 
(Q) of the circuit balances the energy between the 
halves of the cycle, much as the flywheel stores ener¬ 
gy during the operating cycles of a gasoline engine. 
The plate circuit must, therefore, be designed to 
have sufficient Q or energy storage, for good opera¬ 
tion. A Q, value of 12 is commonly used for linear 
amplifier service, as it provides ample energy storage 
and at the same time provides reasonable reduction 
of harmonics generated in the amplifier. 

By William I. Orr, W6SAI, 48 Campbell Lane, 
Menlo Park, California 94025 
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fig. 1. A comparison between grid-driven and cathode-driven amplifiers. Rf and dc circuits have been simplified for clarity. In 
-.both cases, the grid- and plate-current meters are placed in the ground return circuits to remove any dangerous voltage from the 
meter movement. This, however, places the plate supply above dc ground by virtue of the voltage across the plate meter. If the 
meter coil should open, the negative lead of the supply rises to the value of the plate voltage. As a safety factor, a wirewound 
resistor is usually placed across the plate meter, and often the grid meter. The circuit configuration determines the difference 
between cathode- and grid-driven service. The applied voltages determine the mode of operation. 


A rigorous design of the plate circuit calls for man¬ 
ipulation of the plate voltage and current to deter¬ 
mine the operating parameters of the tube. The 
results of these tedious calculations can be summed 
up in simple formulas that provide the designer with 
circuit data in everyday terms. 

A network is required that matches the plate load 
impedance of the power tube to the characteristic 
impedance of the transmission line, while at the 
same time maintaining a Q, value of 12. The popular 
pi network can do the job. The plate load impedance 
(ZJ for a class B rf amplifier can be closely approxi¬ 
mated by: 

load impedance (ohms) 

_ plate voltage 

2 x peak dc plate current (amperes) 

As an example, a pi network is to be used to match 
a pair of 3-500Z tubes to a 50-ohm transmission line. 
The tubes operate with 2500 volts plate potential 
with a peak dc plate current of 800 mA (0.8 amp) for 
a PEP input of 2 kW. 

load impedance = o~ 7 Tq - ~ 1560 ohms 

2 X 0 . o 

Thus, the pi network plate circuit has to match a load 
impedance of 1560 ohms to a 50-ohm termination. 

designing the 
plate circuit network 

The approximate values of the pi network can be 
determined from three simple graphs. The plate 
inductance from fig. 4, the tuning capacitance (Cl) 
from fig. 5, and the loading capacitance (C2) from 
fig. 6. The graphs are entered at the x axis and read 


up until the sloping line denoting a particular Ama¬ 
teur band is intersected. The value of the component 
is then read horizontally off the y axis. For example, 
the required inductance for a plate load of 1560 ohms 
for the 15 meter band is about one microhenry — as 
close as the graph can be read. Note that capacitor 
Cl is commonly referred to as the tuning capacitor 
and C2 the loading capacitor. 

The graph for C2 tells us that the pi network can¬ 
not cope with impedance transformation values 
much greater than 100-to-1 at this value of Q. Note 
how the curves bunch together and “fall-off the 
graph" at plate impedances much higher than 5000 
ohms. 



x 


fig. 2. Diagram of the so-called "grounded-grid" amplifier. 
The grid and screen elements are bypassed to ground as far 
as rf is concerned, but each element has normal operating 
voltages applied and are "above ground" as far as dc is con¬ 
cerned. Metering is inserted in the supply return leads to dc 
ground. Rf ground is placed at the positive screen voltage 
level. This eliminates the screen bypass capacitor, a tricky 
component that often causes circuit instability at the higher 
frequencies. 
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A more accurate, computer-derived summary of pi 
network values is given in table 1. Note that, for a 
given plate impedance, when the operating frequen¬ 
cy is doubled the capacitance and inductance values 
are halved. (Fifteen- and forty-meter constants are 
related by a factor of three as 21 MHz is the third har¬ 
monic of 7 MHz.) 

coil winding 

Winding plate coil LI to a given value of induc¬ 
tance takes an inductance meter, ora degree of exper- 


PLATE 

CURRENT 

AXIS 



fig. 3. Transfer curve and operating cycle for a class B ampli¬ 
fier. The transfer curve is determined by a static test of the 
tube where plate current is plotted against grid bias. Once 
the transfer curve is established, the operating cycle may be 
determined. The sine wave drive signal (e) is drawn about 
the bias line, determining both the zero-signal plate current 
(i 0 ) and the peak plate current (i max ). Note that when the 
grid driving signal swings negative, no plate current is 
drawn and the tube is cut-off for one-half cycle. Pulses of 
plate current only appear when the drive signal is positive 
with respect to the bias voltage. Thus, the output waveform 
of a class B rf amplifier consists of a series of half-cycles, 
much in the manner of a half-wave rectifier. The distorted 
waveform is restored to a sine wave by the plate tank circuit 
which, by virtue of its Q, or flywheel effect, stores energy 
on the active half of the cycle and releases it on the inactive 
half. Circuit engineers, working from a transfer curve, can 
determine actual dc operating potentials for a linear 
amplifier. 


tise and a dip-meter. A simple formula for calculating 
inductance when the coil dimensions are known is: 


Inductance (fiH) — 


R2N* 

9R+10S 


where R is the radius of the coil in inches 

S is the length of the coil winding in inches 
N is the number of turns 



Z l (0HM5) 

fig. 4. Plot of the plate inductance vs. plate load impedance 
for the high frequency Amateur bands (Q = 12). 


pie slide rule providing direct read-out of the coil 
dimensions if the inductance is known. It takes the 
hard work out of designing coils. 

Once the plate circuit has been designed and built, 
it is a good idea to “breadboard” it up and check it 
out with a dip-meter before the connections are final¬ 
ly soldered. Coil taps may have to be moved a bit to 
compensate for capacitance of the components to 
the chassis and adjacent parts. 

amplifier-cathode circuit 

The cathode-input circuit provides an impedance 
match between the 50-ohm coaxial output circuit of 
the driver/exciter and the input impedance of the 
cathode-driven amplifier (see table 2). The input im- 



These calculations have been simplified in the 
ARRL type-A “Lightning Calculator,” which is a sim- 


fig. 5. Plot of the tuning capacitance (Cl) vs. plate 
load impedance (Q = 12). 
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pedance (Z t ) of a cathode-driven tube is related to 
the ratio of the peak cathode signal voltage to the 
peak cathode current (sum of grid and plate cur¬ 
rents), and is commonly given in the tube data sheet. 
For the 3-500Z at 2500 volts, it is about 110 ohms. 

And for two tubes in parallel, it is about 55 ohms, but 

» 

only over the operating cycle. 

It is tempting to jump to the conclusion that if the 
amplifier input impedance is about 55 ohms and the 
coaxial line impedance driving it is 50 ohms, that no 
cathode impedance matching circuit is required. In 
fact, many commercially manufactured amplifiers 
leave it out for economy's sake. This omission is poor 
engineering practice, as the circuit Q is required in 
,the cathode circuit as well as in the plate circuit. 
Omission of the cathode-tuned circuit can lead to 
distortion of the driving signal, increased intermodu¬ 
lation distortion, reduced amplifier efficiency, and 
driver loading problems. A circuit Q of 2 is adequate, 
and a simple rule of thumb is that the network circuit 
capacitances at resonance should be about 20 pF per 
meter of wavelength for one-to-one impedance 
transformation. 

practical amplifier circuit 

Armed with the information discussed so far, it is 
possible to draw up a schematic for a cathode driven, 
2-kW PEP linear amplifier using two 3-500Z tubes in 
parallel (see fig. 7). This is a true "grounded-grid" 
circuit, as the grids are at both dc and rf ground 
potential. 



fig. 6. Plot of the loading capacitance (C2) vs. plate 
load impedance (Q = 12). 


Note that plate and grid currents are measured in 
the cathode return circuit. This requires the amplifier 
plate power supply to "float" a little above ground 
potential in order to insert a meter in the negative 
lead to measure plate current. This removes the 
lethal plate voltage from the meter. The grid meter is 
out of the critical rf ground return path, which simpli¬ 
fies the metering circuit. A filament voltmeter is 
included. Filament voltage should be held to within 



LOAD* 50 OHM 
0 * 12 


table 1. Computer-derived values for a pi network having a Q of 12 and working into a 50- 
ohm load. Values for Cl include the output capacitance of the tubes. These values are taken 


from a computer program derived by Bob Sutherland, W6PO. 

component Z L plate load impedance (ohms) 

band 1000 1600 2000 2500 3000 

3500 

4000 

5000 


160 

1060 

690 

531 

430 

354 

309 

265 

212 


80 

546 

364 

273 

220 

182 

159 

136 

109 

Cl 

40 

273 

182 

136 

110 

91 

80 

68 

55 

20 

136 

91 

68 

55 

45 

40 

34 

27 


15 

91 

61 

45 

37 

30 

26 

23 

18 


10 

68 

45 

34 

30 

23 

20 

17 

14 


160 

4421 

3487 

2865 

2440 

2105 

1849 

1594 

1186 


80 

2274 

1784 

1473 

1263 

1082 

951 

820 

610 

C2 

40 

1137 

892 

737 

632 

541 

475 

410 

305 

.20 

568 

446 

368 

316 

271 

237 

205 

153 


15 

379 

297 

246 

211 

180 

158 

137 

102 


10 

284 

223 

184 

158 

135 

118 

102 

76 


160 

8.84 

13.26 

16.61 

20.10 

24.13 

27.80 

31.47 

38.63 


80 

4.55 

6.57 

8.54 

10.90 

12.41 

14.29 

16.18 

19.87 

LI 

40 

2.27 

3.28 

4.27 

5.50 

6.20 

7.15 

8.09 

9.93 

20 

1.14 

1.64 

2.14 

2.70 

3.10 

3.57 

4.05 

4.97 


15 

0.76 

1.09 

1.42 

1.82 

2.07 

2.38 

2.70 

3.31 


10 

0.57 

0.82 

1.07 

1.36 

1.55 

1.78 

2.02 

2.48 
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± 5 per cent of 5 volts, and it is prudent to monitor 
this voltage when expensive tubes are used. A plate 
voltmeter may be included in the amplifier, but it is 
easier to place it in the power supply. 

Amplifier standby plate current is reduced by 
means of a 10-kilohm, 25-watt cathode resistor 
which is shorted out by the VOX relay of the exciter, 
causing the tubes to operate at the proper resting 
plate current when the amplifier is on the air. A zener 
diode is placed in series with the cathode dc return 
path to reduce the quiescent plate current during 
amplifier operation. 

A 50-ohm wirewound resistor from the negative 
s\$e of the plate supply to ground makes certain that 
the negative supply terminal does not rise to the 
value of the plate voltage if the positive side of the 
supply is accidentally shorted to ground. 

Two reverse-connected diodes are shunted across 
the safety resistor to limit any transient surges under 
a shorted condition which might cause wiring insula¬ 


tion breakdown. In addition, the diodes protect the 
meters from transient currents. A resistor across the 
zener diode provides a constant load for it and pre¬ 
vents cathode voltage from soaring if the zener safe¬ 
ty fuse opens. 

Note that a 10-ohm, 50-watt wirewound resistor is 
placed in series with the B-plus lead to the plate rf 
choke. This resistor serves as a vhf choke to sup¬ 
press harmonic currents in the power lead and also 
protects the tube and associated circuitry in case of a 
flash-over in the tube or plate circuit. The tremen¬ 
dous amount of energy stored in the power supply is 
instantaneously “dumped" into the amplifier when a 


50 OHM 


Ar 


r ri 



FOR Z, N -50 OHM 
0-2 


table 2. The pi-network circuit for a cathode-driven amplifier. This chart provides approximate values for the components of the 
cathode circuit. Capacitors should be 1-kV silver mica or equivalent. The inductor can be wound on a slug-tuned form. Value of 
C2 should take into account the cathode-grid capacitance of the tube which appears in parallel with C2 (information is from a 
computer program by W6PO). 


cathode 





cathode 





Z t ( fl ) 

band 

C1(pFI 

C2(pFi 

L ^ H ) 

Z t ( 0 ) 

band 

CKpF) 

C2(pF) 

LKfiH ) 


160 

3300 

4100 

2.50 


160 

3300 

2870 

3.81 


80 

1700 

2120 

1.34 


80 

1700 

1540 

2.05 

20 

40 

900 

1120 

0.68 

75 

40 

900 

770 

1.03 

20 

440 

560 

0.33 

20 

440 

380 

0.51 


15 

300 

370 

0.22 


15 

300 

250 

0.34 


10 

220 

275 

0.16 


10 

220 

180 

0.25 


160 

3300 

3900 

2.84 


160 

3300 

2520 

4.20 


80 

1700 

2100 

1.52 


80 

1700 

1350 

2.26 

30 

40 

900 

1050 

0.77 

100 

40 

900 

680 

1.14 

20 

440 

520 

0.38 

20 

440 

330 

0.56 


15 

300 

350 

0.25 


15 

300 

220 

0.38 


10 

220 

258 

0.19 


10 

220 

160 

0.28 


160 

3300 

3360 

3.01 


160 

3300 

2100 

4.81 


80 

1700 

1800 

1.62 


80 

1700 

1130 

2.59 

40 

40 

900 

910 

0.82 

150 

40 

900 

570 

1.30 

20 

440 

450 

0.40 

20 

440 

280 

0.66 


15 

300 

300 

0.27 


15 

300 

180 

0.43 


10 

220 

220 

0.20 


10 

220 

138 

0.32 


160 

3300 

3300 

3.33 


160 

3300 

1800 

5.32 


80 

1700 

1700 

1.79 


80 

1700 

980 

2.86 

50 

40 

900 

900 

0.90 

200 

40 

900 

490 

1.44 

20 

440 

440 

0.45 

20 

440 

245 

0.71 


15 

300 

300 

0.30 


15 

300 

164 

0.48 


10 

220 

220 

0.22 


10 

220 

120 

0.35 


160 

3300 

3100 

3.53 


160 

3300 

1640 

5.78 


80 

1700 

1670 

1.90 


80 

1700 

880 

3.11 

60 

40 

900 

840 

0.96 

250 

40 

900 

440 

1.57 

20 

440 

417 

0.47 

20 

440 

220 

0.78 


15 

300 

275 

0.32 


15 

300 

140 

0.52 


10 

220 

205 

0.23 


10 

220 

100 

0.38 


hr 
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fig. 7. Schematic diagram of the 3-500Z linear amplifier. 


C3 250 pF, 4.5 kV plate spacing — Johnson 154-16 
C4 500 pF, 4.5 kV 
C5 1000 pF, 500 volt plate spacing 
C6 0.001 fiF, 5 kV - Centralab 858S-1000 
C7, C8 500 pF, 10 kV TV-type "door knob" 

C9-C14 0.01 /xF, 500 volt mica capacitor. Ceramic disc is a 
suitable substitute if rated 1 kV. 

PC 1 Three 100-ohm, 2-watt resistors in parallel 
PC 2 Three turns of no. 14 AWG (1.6 mm) wound with 12.5- 
mm (0.5-inch) diameter and 19-mm (0.75-inch) length 
connected in parallel with the resistors. The coil may be 
wound around one of the resistors. 


RFC 1 50 /xH; 14 bifilar turns of no. 10 AWG (2.6 mm) enameled 

wire wound on ferrite core 12.5 cm (5 inches) long and 
12.5 cm (0.5 inch) in diameter (Indiana General CF-503 or 
equivalent). 

RFC 2 100 jxH, 1 ampere dc; 112 turns no. 26 AWG (0.4 mm) 

spacewound wire diameter on 2.5 cm (1 inch) ceramic 
form 15 cm (6 inches) long (Centralab X-3022H 
insulator). Series resonant at 24.5 MHz with terminals 
shorted (B&W800). 

RFC 3 2.5 mH, 100 mA 

T1 5 volts at 30 amps (Chicago-Standard’P-4648) 

Blower 13 cu. ft./min. Use a no. 3 impeller at 3100 rpm (Ripley 
8472, Dayton 1C-180, or Redmond AK-2H-01 AX) 


flash-over occurs, and much of this destructive ener¬ 
gy is dissipated in the resistor. 

Many modern-generation Amateurs have never 
worked with equipment operating at voltages higher 
than 12 volts. This amplifier, with the high-voltage 
plate supply, is positively lethal and the operator can 
be killed if his hands are inside the unit when the high 
voltage is on. It is imperative, therefore, that safety 
switches be incorporated in the amplifier design. It is 
poor engineering practice to leave these devices out! 
S4isa normally open, pushbutton device that is closed 
only when the lid is placed on the amplifier enclos¬ 
ure. S3 is a shorting switch that shorts the high volt¬ 
age to ground when the lid is removed. Construction 
of this special switch will be covered in a future arti¬ 
cle. Always remember — high voltage kills\ Take 
necessary precautions. 


Although not shown on the schematic, it is a good 
idea to use a filament transformer having a primary 
winding tapped for 105, 115, and 125 volts. This pro¬ 
vides a plus or minus ten per cent adjustment from a 
normal line voltage of 115 volts. If a closer filament 
adjustment is desirable, the transformer can be run 
on the 105 volt tap with a rheostat in series with the 
primary winding to place the filament voltage "on the 
nose." 

The plus and minus leads to the high voltage sup¬ 
ply should be run through high-voltage connectors 
and high-voltage cable. Test prod wire having a 10- 
kV breakdown is satisfactory. As an alternative, RG- 
58/U coaxial cable can be used for high-voltage leads 
along with PL-259 plugs and reducers and SO-239 
receptacles. The shield of the coaxial line is grounded 
by the connectors. ham radio 
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short Beverage for 40 meters 


Discussion of a 
short Beverage antenna 

for 40 meters 
with particular emphasis 
on the matching transformer 

and termination 

Basically, my problem is one of geography. Living 
in a moderately rare DX location, I have become 
weary of pile-ups and the quick signal report ex¬ 
changes. The insipid hello, goodbye, PSE QSL 
routine fails to satisfy the rag chewer that I am, with 
the result that I now tend to avoid the higher fre¬ 
quency bands and seek refuge lower in the spec¬ 
trum. The 40-meter band offers attractive rag chew¬ 
ing possibilities, but everything about my location 
militates against a 40-meter pipeline to the folks back 
home. 

For a starter, the band assignment in this part of 
the Pacific is only from 7 to 7.1 MHz. This narrow 
band is cluttered with Asian BC stations, and from 
about 7.03 to 7.1 MHz there is one continuous roar of 
JA ssb signals. To copy any W/K signals above 7.03 
is well nigh impossible without a highly directive 
antenna. The Asian signals so totally overwhelm the 


I receiver as to completely bury the much weaker 
W/Ks arriving from over 9600 km (6000 miles) away. 
After many frustrating attempts at rag chewing while 
listening on my vertical, I was convinced that, with¬ 
out some highly directive receiving antenna, it was a 
losing proposition. 

Extensive research and meditation on this dilemma 
brought me to the conclusion that some sort of Bev¬ 
erage antenna offered the only hope in my circum¬ 
stances. For me, multi-element phased or parasitic 
arrays on 7 MHz were out of the question, but a 
patch of jungle behind the house offered possibilities 
for a Beverage-type long wire. At this point, I must 
acknowledge my debt to others for supplying me 
with the three basic premises upon which my project 
was founded. 

First, a simple low-to-the-ground, properly ter¬ 
minated long wire can achieve astonishing rejection 
of signals from unwanted directions. 1 Second, such 
a wire will exhibit maximum front-to-back ratio if it is 
an odd number of quarter wavelengths long. 2 And 
third, although most publications show a simple 600- 
ohm resistor for termination, no simple resistor alone 
will ever give optimum termination. A little induc¬ 
tance will always be needed in series with the resis¬ 
tor. 3 (Apparently the intrinsic insulator and end capa¬ 
citance of such a wire causes a slight mismatch 
which must be inductively cancelled out.) 

After an hour of tramping about in the jungle, 
taking repeated compass sightings, I finally located a 
group of four trees that lay in a perfectly straight line, 
on the exact bearing needed to beam W/K. A coco¬ 
nut palm and a breadfruit tree about 58 meters (190 

By B. H. Brunemeier, KG6RT, Box 209CK, 
Saipan, Mariana Islands, CM 96950 
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feet) apart provided the end supports, with two trees be used in place of the slug; however, one precau- 

in between providing intermediate support points tion should be observed. The primary and secondary 

along the span. windings should be placed on opposite sides of the 

There is no simple formula by which to determine circle, with a tight electrostatic shield between them, 

the height of the wire above ground. I wanted it low The object is to prevent proximity coupling direct 

enough that I might perform all adjustments while from the end of the hot wire over to the coax input. 

U- LENGTH 53.3 METERS -* 

(I 75 FEET) 


fig. 1. Diagram of the Beverage 
in use at the author's station. 
Each of the four ground wires 
is buried about 15 cm (6 inches) 
deep, onoppositesides and per¬ 
pendicular to the Beverage 
wire. All wire used was number 
10 AWG (2.6 cm), with the an¬ 
tenna made from Copperweld. 


I-1 i- n 



(17 FEET) (17 FEET) (17 FEET) (17 FEET) 


standing on an ordinary kitchen stool, and yet high For best unwanted signal rejection, all coupling must 
enough to be well above the hands of any pedestrian occur through the core material, 
traffic through the woods. A height of 2.3 meters To compute the characteristic impedance of my 

(7.5 feet) satisfied both requirements. A piece of wire, I used the standard single wire transmission line 

number 10 AWG (2.6-mm) copperweld was cut to a 

length of 53.3 meters (175 feet), which is 1.25 wave- formula Z 0 = 138 log 10 where h is the height of 
lengths at 7 MHz. With a block and tackle it was P 

stretched taut as a fiddle string, so that with the two 

intermediate support points, it hangs straight as an the wire above ground and p is the radius of the wire 

arrow. The coupling and termination enclosures measured in the same units. For my case, the com- 


HOT WIRE 



COAX 




GROUND 

WIRE 


GROUND 

WIRE 


fig. 2. Diagrams of the matching transformer. The coil slug is made of powdered iron, 2.5 cm (1 inch) long and 1.3 cm 
(0.5 inch) in diameter. The primary is 30 close-spaced turns of number 26 AWG (0.4 mm) enameled wire, while the sec¬ 
ondary is nine turns of number 26 AWG (0.4 mm) enameled, also close spaced. The two windings are separated by 
approximately 6.5 mm VA inch). The electrostatic shield is approximately 5 cm (2 inches) square and is made from 
copper foil; it is slotted to avoid being a shorted turn. 


were hung at wire level, and the ground system in¬ 
stalled as shown in fig. 1. Any type of minibox 
enclosure may be used as long as it is all metal for 
total shielding and weather proofing. 

The coil detail is shown in fig. 2. A surplus 
powdered-iron slug of unknown pedigree was used 
here because I had nothing else. A toroid could well 


puted Z Q is 489 ohms. Reasoning that the series coil 
would add a few ohms of rf resistance to the lumped 
resistor, I chose the next smaller resistor value, 470 
ohms. A commercial slug-tuned coil was used for the 
inductance. After all adjustments were complete, the 
inductance actually in use was 3 ^H, or an of 132 
ohms at 7 MHz. 
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fig. 3. Diagram (A) shows the standing wave on the untermi- 
nated wire caused by an incoming signal from the rear. The 
signal voltage across the transformer is at a null 5/4X from 
the open end. When the wire is perfectly terminated (B), the 
signals from the rear of the antenna are absorbed by the ter¬ 
mination. 

The Beverage antenna is located such that it is 
broadside to the transmitting antenna (a base-fed 
vertical dipole), and located 38 meters (125 feet) 
away. The feedline is 50 meters (165 feet) of RG- 
58A/U coax. Such orientation ensures minimal cou¬ 
pling between the two. Under key-down conditions, 
with 500-watts input to my trusty old 813, the 
measured rf voltage at the receiver input is only 0.15 
volts rms. 

Before step-by-step adjustments are described, a 
little discussion of the back rejection theory will be 
helpful. As shown in fig. 3A, incoming signals prop¬ 
agating along the wire from the back side will induce 
a signal current into the wire. If the wire is unter¬ 
minated at the front end, a standing wave of voltage 
will be set up with a maximum at the open end. 
Reflections traveling backwards along the wire for an 
odd number of quarter wavelengths will create a 
voltage null where the coupling coil is located at the 
rear end. Because there is almost no voltage acting 
on the relatively high impedance of the coil, very little 
signal will be coupled through to the receiver. 

This can be clearly demonstrated by simply remov¬ 
ing the coil from the circuit and connecting the hot 
lead of the coax directly to the rear end of the wire. 
Under these conditions, a standing wave of current 
will appear in the wire with a maximum at the rear 
end, coupling very well into the low impedance of 
the coax. With the front end of the wire unter¬ 
minated, take an S-meter reading on some sky wave 
signal arriving from the back side. This establishes 
the ability of the wire to receive a certain signal level, 


apart from any termination or phasing attenuation. 
Once an average level is noted, reinsert the coupling 
transformer. On my antenna, the rear-side signal 
dropped by 18 dB when the coil was reinserted, 
showing that some amount of front-to-back ratio is 
achieved through the phase relationship of the odd 
quarter wavelength. The drop in signal noticed is not 
related to coil losses when the coil is reinserted. A 
similar comparison was made with the signal from a 
Kuala Lumpur station broadcasting on 6.03 MHz. At 
this frequency, the wire is about one wavelength 
long, and it showed no front-to-back change at all 
when the coil was reinserted into the circuit. Coil 
losses with iron-core coupling are so insignificant 
that they do not show up in the meter readings. 

After my termination was reconnected and care¬ 
fully adjusted for minimum back pick-up, the front- 
to-back ratio was increased by another 15 dB, giving 
a total front-to-back ratio of 33 dB for both effects 
working together. Referring to fig. 3B, if the front 
end termination is a perfect match for the character¬ 
istic impedance of the wire, the induced rear side 
signal current is almost totally absorbed in the ter¬ 
mination, and there is no reflection to speak of going 
back to the coupling end. 

In my location there was no possibility of enlisting 
the help of a 'local" 40-meter station to provide a 
rear side signal for tuning purposes. The closest dry 
land off my back is the island of Borneo, 4000 km 
(2500 miles) away! I selected a station in Kuching, 
Sarawak, (broadcasting on 7.16 MHz) to be my refer¬ 
ence for all front-to-back adjustments. To get accu¬ 
rate measurements on a signal from that far away is 
difficult but not impossible. Taking readings on a 
vertically polarized local signal can be misleading. 
The Beverage does respond to vertical polarization, 
but it depends on the slight forward tilt of the incom¬ 
ing wave front to produce the small horizontal vector 
actually coupling into the wire. If a local vertical 
signal is used, the wavefront is so square to the 
ground that coupling into the Beverage is much less 
than a low-angle sky wave arrival would provide. 
Comparisons with a front-side vertically polarized 
signal from KG6RJ, only 3.2 km (2 miles) away, 
showed the Beverage about 12 dB less responsive 
than it would be to low-angle sky waves from the 
same direction. 

An aged Hammarlund HQ180 receiver S-meter 
was used for all readings. The bandwidth was set to 
the narrowest position so the S-meter would respond 
only to the carrier of the station concerned and not to 
the buckshot of BC stations or QRN. The rf gain must 
be set to maximum for all readings. Since all readings 
are a comparison of the vertical reference (trans¬ 
mitting) antenna vs the Beverage, the first step is to 
establish a loss figure for the Beverage. Because it 
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presents a very small ''capture area" to incoming 
wave fronts, and being very long and close to lossy 
ground, the Beverage is very inefficient, compared 
with the vertical. In order to derive its intrinsic loss, 
the termination must be disconnected and the cou¬ 
pling coil temporarily removed from the circuit. The 
center lead of the coax is jumpered to the end of the 
Beverage wire for the first comparison. 

The Kuching signal was then tuned in using the 
vertical antenna. The HQ-180 antenna trimmer was 
detuned to where the Kuching signal just peaked to 
the 20 dB over S9 mark. This is to avoid taking any 
readings at the compressed top end of the S-meter 
scale where the calibrations are very inexact. The 
<neter is watched for about one full minute to get the 
feel of the QSB and to make sure the needle never 
swings beyond the 20 dB mark. Then the vertical 
coax is disconnected from the receiver and the Bev¬ 
erage connected. 

With the Beverage antenna in use, the meter is 
again watched for about one full minute, noting the 
very highest swings of the needle. With mine, the 
peaks were an average of 20 dB lower, showing the 
basic Beverage wire alone has a receiving loss of 20 
dB compared with the vertical. 

Next, the coupling coil and termination were re¬ 
attached. The same comparison procedure was fol¬ 
lowed; first tuning in the signal on the vertical, ad¬ 
justing the antenna trimmer until the signal peaks 20 
dB over S9; then attaching the Beverage antenna 
and noting the drop in S-meter readings. The QSB is 
accentuated on the Beverage because it is very selec¬ 
tive to polarity, responding best to vertically polar¬ 
ized incoming wave fronts. 

The procedure is repeated with different settings 
of the termination coil, changing it in increments of 
about two turns of the slug between trials. As the 
optimum point is approached, the S-meter responses 
on the Beverage will go lower and lower. When I got 
my termination to the optimum setting, the S-meter 
dropped dramatically from the 20 dB over S9 mark 
on the vertical to only S3.5 on the Beverage - count¬ 
ing downward from the 20 over 9 mark, allowing 6 
dB per unit, a decrease of 53 dB. 

Note that 53 dB is not the front-to-back ratio of the 
Beverage working alone! That is merely the dif¬ 
ference between the two antennas. In the first test 
described, it was already established that the 
Beverage had an efficiency of 20 dB less than the 
vertical. Subtracting this constant from the dif¬ 
ference readings between the two gives an absolute 
front-to-back ratio of 33 dB for the Beverage alone. 

It must be remembered that S-meters are notori¬ 
ously unreliable as regards absolute decibel calibra¬ 
tion. While useful for noting changes in a given sig¬ 
nal, they must be regarded with suspicion when 


seeking to establish accurate decibel levels. Listening 
experience with this antenna would seem to indicate 
the actual suppression is not quite as dramatic as 
these figures indicate. The Hammarlund HQ180 ex¬ 
hibits different sensitivity on each band, so, obvious¬ 
ly, if the meter were accurate on one band, it would 
be lying on all the others. At 7 MHz, it seems to be a 
bit generous with its dB read-out. Nevertheless, the 
suppression of this antenna must be called excellent, 
more than worth the very small investment required 
for materials. It is hard to imagine more suppression 
per dollar than the Beverage offers. 

Taking hundreds of readings by the same compari¬ 
son method, l found that when the Beverage was 
terminated at its best front-to-back rejection, the 
front-to-side rejection was also best. A strong 
Chinese broadcast station (7.025 MHz) from some¬ 
where in the rear quadrant was reduced 30 dB by the 
pattern of the Beverage alone. Japanese ssb signals 
arrive from a 30-degree-wide sector and do not ail 
show the same front-to-side rejection ratio. The 
average values were from 36 to 40 dB front-to-side 
ratio for the Beverage alone (in the sector of 60 to 90 
degrees relative in the pattern). 

The proof of the pudding is always in the eating, 
and this antenna has certainly proven itself with my 
goals in view. The Beverage does not completely 
eliminate the undesired Asian signals, but it does 
knock them down far enough that distant signals, 
which would have been completely overwhelmed 
with the vertical, can now be heard. The only disad¬ 
vantage noted is that because of its polarity selectiv¬ 
ity, the Beverage antenna shows magnified QSB ef¬ 
fects. That is a small price to pay for the rejection in 
unwanted directions. Rag chewing with W/K gen¬ 
erals on 40-meter CW is now commonplace and 
pleasurable, whereas before it was a grim struggle if 
possible at all. 

In conclusion, let me add that, due to my unique 
location, all of these rejection figures were derived on 
signals arriving from 2400 to 9500 km (1500 to 6000 
miles) away, which implies low-angle arrival. I am 
unable to specify just how the rejection figures would 
work out for high-angle signals. Perhaps someone 
situated in the center of the United States could per¬ 
form further experiments to add high-angle rejection 
data to what I have already established for DX-only 
responses. Any takers? 
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TH5DX 

10-15-20 METERS 




We are proud to introduce the newest member of our famous Thunderbird line of Tri-Band antennas. The 
TH5DX offers outstanding performance on 20,15, and 10 meters. It features 5 elements on an 18 foot boom, 
with 3 active elements on 15 and 20 meters and 4 active elements on 10 meters. The TH5DX also features 
separate air-dielectric Hy-Q traps for each band. This allows the TH5DX to be set for the maximum F/B ratio 
and the minimum beam width possible for a Tri-Band antenna of this size. Also standard on this antenna are 
Hy-Gain's unique Beta-match, rugged Boom-to-mast bracket, taper-swaged elements and improved element 
compression clamps. 


Boom length.18 feet 

Longest Element.31 feet 

Turning Radius.18 feet 

Surface Area.6.4 sq. feet 

Wind load.164 lbs. 

Weight.50 lbs. 


VSWR at resonance.less than 1.5:1 

Power Input.Maximum Legal 

Input Impedance.50 ohms 

-3dB Beamwidth.66° average 

Lightning Protection.DC ground 

Forward Gain.8.5 dB 

Front-to-Back Ratio .25 dB 


20 Meter 15 Meter 10 Meter 



NOTE: These are original Polar Charts on file at 


Hy-Gain Electronics 

Mltitdatn electronics 

DIVISION OF TELEX COMMUNICATIONS, INC 

8601 Northeast Highway 6 * Lincoln. Nebraska 68505 USA 
Telephone (402) 467 5321 tele* Hygam Lcn a 48-4324 

EUROPE 22. rue de la Legion-d'Honneur 

93200 Saint Dems France 

Telephone: 820 98 46 telex Telcodi 630013 
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matchbox plus two 


Improvements for your 
Johnson Matchbox 
antenna tuner — 
coax-to-coax tuning 
plus antenna switching 


The Johnson Matchbox antenna tuner has been 
around for a long time. The Matchbox was manufac¬ 
tured in two versions, one for 275 watts and one for 1 
kilowatt. The circuit used excellent quality compo¬ 
nents and was conservatively rated- This article 
describes modifications that can be made to the 
Matchbox that eliminate the need for disconnecting 
and connecting coax and wire feedlines and add the 
convenience of changing antennas with the turn of a 
switch. 

i 

features 

The 275 watt Matchbox uses Johnson Series 154 
capacitors, which are rated at 3000 Vac. The coil is 
wound with no. 12 (2.1-mml wire. It is to be noted 
that transmatch articles in QST and the ARRL Hand¬ 
book specify Series 154 capacitors for use at 2 kW, 

The Johnson Matchbox will match the 52-ohm 
output of a transmitter into loads ranging from 
25-1200 ohms for balanced transmission lines to 
25-3000 ohms for unbalanced lines. The tuned circuit 
provides at least 15 dB harmonic attenuation J Most 
Amateur transmitters and amplifiers for the high fre¬ 
quency bands use pi networks. The nominal design 
load impedance for this network is 52 ohms, with a 
maximum VSWR of 2:1 2 - 3 - 4 S Maximum efficiency is 
obtained when the amplifier is loaded to its rated 


input and the load impedance is within design limits. 

By John D. Mitchell, K4IHV, 436 Pinellas 
Road, S.E., Winter Haven, Florida 33880 
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SINGLE- WIRE 



Johnson 

<« 

part no. description 

Cl 154-505-4 capacitor, 100ED30, 3kV peak, 0.19-cm (0.075- 

inch) spacing, 15-plates/section, dual 100/10 pF 

C2 169-25 capacitor, 100EDA30, 3kV peak, 0.19-cm (0.075- 

inch) spacing, 15-plates/section, dual differential, 
100/10 pF 

SW1 22.884 bandswitch 

LI 23.1041 inductor, 33 turns no. 12 (2.1 mm), spaced 0.13 

cm (0.05 inch), airwound on spreaders at 90°. 
Five turns in center are double spaced. Diameter 
6.35 cm (2.5 inches). Winding length 12 cm (4.75 
inches). Taps at 8.8, 12.7, 14.6, and 15.5 turns 
from each end. Coupling coil: 5 turns 2.6 mm (no. 
10) double spaced, wound around center of 
inductor 

fig, 1, Schematic of the Johnson Matchbox showing modifi¬ 
cations (dashed box). The original parts in the Matchbox are 
shown for reference. These parts descriptions were omitted 
in early instruction manuals. 

typical antenna mismatch 
at band edges 

My triband beam, the CL-33, is assembled to favor 
the phone frequencies. The VSWR at the band edges 
is: 

frequency 

MHz vswr 

14.00 4.0 

14.35 1.8 

21.00 1.5 

21.45 2.0 

28.00 3.0 

29.70 4.7 

Tuning coax with the Matchbox and experimental¬ 
ly seleccting a line length will produce a 1:1 VSWR at 
the transmitter output on all frequencies within the 
antenna and Matchbox ranges. 

test connections 

The rear-panel photograph shows the simple 
hookup I used to experiment with coax-to-coax tun¬ 
ing before modifying. Remove the screw from the 
top center of the rear panel. Temporarily mount a 
SO-239, by one corner, into the screw hole. Run a 


lead from the center terminal of the SO-239 to the 
balanced-line terminal, directly below. Ground the 
other balanced-line terminal. Connect the end of the 
coax line from your beam to the temporary SO-239. 
Run the transmitter output through a VSWR bridge 
to the Matchbox input. Use the tuning procedure 
you used for balanced lines. 

modifications 

The schematic of fig. 1 shows the Johnson 
Matchbox as built with the modified circuits in a 
dashed box. The parts list in fig. 1 shows the values 
and descriptions of the parts used in the original 
Matchbox. (Early instruction manuals for the Match¬ 
box did not include this information.) The parts need¬ 
ed to make the modification are shown in fig. 2. Pro¬ 
ceed as follows: 

1. Bypass or remove the relay. Run a line directly 
from the input SO-239 to the braid from the coupling 
coil. 

2. Remove the tuning capacitor Cl by removing the 
nuts on the stators. Remove the support posts and 
slip Cl away from the solder lugs on the connecting 
leads. Do not distort the leads. 

3. Remove the leads attached to the front and rear 
end plates of matching capacitor, C2. Remove the 



quantity description 

1 antenna switch. Fair Radio cat. no. ML7464910-G1/407 
or equivalent 

2 standoff insulators, H. H. Smith 9502 or equivalent 

1 SO-239 coaxial receptacle, Amphenol 83-1R 

1 flexible shaft coupling. Fair Radio cat. no. COUN007 

1 switch extension shaft, brass or aluminum, 16.5 x 0.64 
cm (6.5 x 1/4 inches) 

1 bar knob with brass insert 
1 switch mounting plate (refer to fig. 3 and text) 

fig. 2. Graphic display of all connections for the modifica¬ 
tions, from C2 through new SW2, to the output terminals. 



46 


july 1979 






other ends of these same leads from the balanced- 
line output insulators. The leads will be used to con- 
nect C2 lo the standoff insulators. Do not remove the 
single wire output lead. 

4. Install standoff insulators on each side of the cen- 
ter output insulator. See photograph of wiring con 
nections. 

5. Punch or drill a 1.27 cm U/2-inch) hole for a 
$0-239 connector into the rear panel directly behind 
and below Cl. Drill two mounting holes and install 
the connector from the inside. (You may want to add 
more connectors if your switch has more than two 
positions,} 

6. Use fig. 3 as a template. Cut a 6.35 by 10.16 cm 
(2.5 by 4 inch) switch mounting plate from 0.17-cm 
(0,065-inch) aluminum sheet. Use a sharp center- 
punch and mark the centers for all holes, right 
through the template. All screw holes are for 6-32 
(M3.5) screws, (I drilled mine for 8-32 |M8J to allow 
for minor errors.} The ML7464910-G1 /407 switch has 
a 1,27-cm (1/2-inch} shaft bushing. Centra lab Ham 
Switch 2551 has a 0.95-cm (3/8-inch) bushing. The 
2551 has six positions. The rear shaft bushing nut on 
Cl requires a 1.59 cm (5/8 inch) hole for clearance, 

7. Assemble the switch plate and switch. Attach this 
assembly to the rear end plate of Cl. Use 6-32 by 
1/4 inch (M3,5 by 0.635 cm} brass screws. Longer 
screws will damage the Cl insulator. Install Cl in its 
original position. Attach connections from the band 
switch to the stators. Check the rear stator plate 
lead. It must clear the switch plate, 

8. Drill a 0.635-cm (1 /4-inch) hole in the cabinet front 
panel 6 cm (2-3/8 inches) above the Cl shaft hole. 



in this view the rear panel holds an extra SO 239 which has 
been installed to experiment with coax to coax tuning 



t fi DfHtt f VWf 

fig 3, Switch plate drilling template Punch or drill through 
the drawing into the blank switch plate 

To complete wiring refer to the schematics, draw¬ 
ings, and photographs. 

Before replacing the cover, run through these 
checks: 

Temporarily install the dials and switch knobs. 
Remember Cf and C2 are hotf Use the insulated 
coupling on C2. Keep your hands dear . Even at low 
power , you can be burned 1 . 

Run tests on 20, 15, and 10 meters. If the impe¬ 
dance at your transmitter is outside the Matchbox 
range on any band change the feedline length. 6 

feedline tests 

My feedline length was determined by inserting a 
180-degree 14.0 MHz line between my wall entrance 
panel and the Matchbox. The impedance at the input 
of this 7-meter (23-foot) line was outside the Match¬ 
box range on 20 meters but satisfactory on 15 and 10 
meters. I reduced the line length by making 0.3 
meter (1-foot) cuts to 0,9 meter (3 feet), I recorded 
readings for each length, dial readings, and meas¬ 
ured VSWR, A review shows that at a 5,8 meter (19- 
foot} line length, the system was in tolerance at the 
edges of all bands, l made a new 5.8-meter (19-foot) 
line and verified the previous tests. 
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All wiring connections from C2 to the new selector switch are visible in this inside view of the modified Matchbox. This photo 
also shows the two new standoff insulators which are used for the junction points. 


wrap-up 

Replace the cover. Record dial readings at each 
100 kHz on 20 and 15 meters and at each 500 kHz on 
10 meters. Using a dummy load I can tune and load 
the transmitter, set the Matchbox to the recorded 
dial settings , select the antenna , and start transmit¬ 
ting without a touch-up. 

During one of the many tests conducted with this 
Matchbox, I found that I could match the CL 33 
antenna on 7155 kHz. W4TBU at Henderson, Ken¬ 
tucky, was worked from Winter Haven using my tri¬ 
band CL-33 beam. The report was S2. I haven't tried 
loading the two-meter beam. 

some additional suggestions 

A number of switches are satisfactory for this mod¬ 
ification. The ML7464910-G1/407 from Fair Radio 
Sales* is excellent and inexpensive. Centralab's 2551 
Ham Switch is a good commercial unit. It has two 
decks and six positions. Contacts are rated at 9 
amperes. It has 2000-Vac insulation. 7 

’Fair Radio Sales. Post Office Box 1105. Lima. Ohio 45802. 


The kilowatt Matchbox can be modified for coax 
tuning. Switch ML7464910-G1/'407 will work in the 
kilowatt model. Catalog no. ML7762999-G1/397 
switch requires more space, 7.62 cm diameter by 
12.7 cm long (3x5 inches). It has two decks and 
three positions. Contacts and insulation are more 
than ample for the legal Amateur power limit. 

Centralab switch JV9033 will also work in the kilo¬ 
watt Matchbox. This switch has two poles, eight 
positions, 17-ampere contacts, and 3000-Vac insu¬ 
lation. 7 
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Puts the World 
at Your Fingertips 
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Get your antenna high enough with a THI-EX 
tower and bring the world to you. 

Receive signals which you have never heard 
before. 

Send your call to other HAMS who hsve 
never heard you. 

ri * . ■ r a | . 

A TRI-EX tower will give you listening 
power. - ■ calling power... and stay-up power 
that means durability. 

Durability comes from Tfil-EX # s 25 years of building 

towers. These years of experience combined with 
latest engineering knowledge and materials are used 
. to design and build towers which stay up under the 
antenna loads and wind speeds specified. After manufao 
ture our steel towers are hot dipped in molten zinc 
(galvanizing). All exposed steel is covered inside and out 
+: including the inside of tubing. 

Our aluminum towers are self-resistant to corrosion. TRI-EX 
TOWERS makes them all; GUYED TOWERS, CRANK-UP 
TOWERS, FREE STANDING TOWERS, STACKED T0WERS v 

And we will install a tower on your site, upon request. 

Celt or write TRI-EX now for information on the right 
TRI-EX tower for you. We will send you our complete 
of prices, delivery dates, installation information and 
e of your nearest dealer. Cal TOLL FREE. 


Call our New Number 
1 800-528-8050, Extension 1025 

' i eS-lfj 1 

1 * If 

In Arizona, dial: 
1800-352-0468, Extension 1025 


California 93277 


More Details? CHECK OFF Page 110 
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MICROWAVE MODULES LTD. 


432 Mhz Linear Transverter 


UP YOUR FREQUENCY! 



Put your 28Mhz Transceiver 
to work at 432Mhz!! 


* EXTRA RANGE {434-436 Mhz) for Satellite operation. 

* 10 Watts RMS output power. 

* Simple Frequency Range Selection Using Toggle Switches. 

* Highly Stable Regulator Controlled Crystal Oscillator Stages 

* 30 dB Receiver Gain, 

* Better than 3.0dB Noise Figure. 

* Antenna Changeover Achieved by Low Loss Pin Diode Switch. 

* 50 Mhz and 144 Mhz LF.'s Available* 


MMT432/28-S -PRICE: $329.95 


INCLUDING 

SHIPPING 


144 Mhz Linear Transverter 

Join the Fun on 2 Meter Sideband 
- using your 28Mhz Transceiver. 

. 10 WATTS RMS OUTPUT POWER 

• 30dB RECEIVER GAIN 

• BETTER THAN 2.5dB NOISE FIGURE 

• 50 Mhz I.F. AVAILABLE 



ALL 
M OIK 


MMT144/28 


432 Mhz LINEAR AMPLIFIER 
ll 100 WATTS OUTPUT 


PRICE: $259.95 


INCLUDING 

SHIPPING 


432-436 Dual Range 
Receiving Converter 




• 100% DUTY CYCLE RATED 

• RFVOX 

• 10dB MINIMUM GAIN 

FULLY PROTECTED VSWR. 
OVERHEATING, REVERSE POLAR II Y 





OVERHEATING, REVERSE POLARITY I MMC 432/28-S 

MML432/100 —PRICE: $449.95 -PRICE: $95.95 


OSCAR, MODE J 
RECEPTION 

30dB GAIN 

BETTER THAN 3.0t!B 
NOISE FIGURE 

I F.'s AVAILABLE: 

28 30Mhz, 144 146Mhz 


INCLUDING SHIPPING 


INCLUDING SHIPPING 


GUARANTEE 

ALL MICROWAVE MODULES PRODUCTS 
ARE GUARANTEED FOR t YEAR. IN 
ADDITION, THEY MAY BE RETURNED 
WITHIN 10 DAYS FOR A FULL REFUND 
IF YOU ARE NOT SATISFIED FOR ANY 
REASON, 


TEXAS RF DISTRIBUTORS IS THE EXCLUSIVE IMPORTER 
OF MICROWAVE MODULES PRODUCTS, AND WE SUPPLY 
A COASTTOCOAST DEALER NETWORK. WRITE OR 
PHONE FOR DETAILS OF THESE PRODUCTS AND THE 
OTHER VHF AND UHF MICROWAVE MODULES PRODUCTS 
WHICH WE STOCK. 


TEXAS RF DISTRIBUTORS, INC 


JOE - WA5HNK 


CARL - W5UPR 


VtSA 

x 


Exclusive US.A. Distributors 
of Microwave Modules Products 

*800 WEST 34TH STREET • SUITE D12A 
HOUSTON, TEXAS 77092 

PHONE 7 13/ 680-9797 * TELEX 791322 
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MICROWAVE MODULES LTD. 


^"GUARANTEE ^ 

ALL MICROWAVE MODULES PRODUCTS 
ARE GUARANTEED FOR 1 YEAR. IN 
ADDITION. THEY MAY BE RETURNED 
WITHIN 10 DAYS FOR A FULL REFUND 
IF YOU ARE NOT SATISFIED FOR ANY 
REASON J 


TEXAS RF DISTRIBUTORS IS THE EXCLUSIVE IMPORTER 
OF MICROWAVE MODULES PRODUCTS, AND WE SUPPLY 
A COASTTOCOAST DEALER NETWORK. WRITE OR 
PHONE FOR DETAILS OF THESE PRODUCTS AND THE 
OTHER VHF AND UHFMICROWAVE MODULES PRODUCTS 
i WHICH WE STOCK 


MML 144/100 
SPECIFICATIONS: 


Power input 
Frequency Bandwidth 
RF Input Connector 
RF Output Connector 
Power Requirements 
Weight 
Overall Size 


10 watts nominal 
144- 148 Mhz @ 0 5dB 

50ohm BMC 
S0239 

13.8 nominal 14 amps 
4k q (R!h 13o l\ 

31b k 142 x iGGmm 
112 3/8 x 5 5/8 x 4 1/8") 


PRICE: $329.95 


INCLUDING 

SHIPPING 


MML 432/100 
SPECIFICATIONS 


Powei Gain 
Power Output 

Power Input 

Frequency Bandwidth 
RF Input Connector 
RF Output Connector 
Power Requirements 

Weight A Overall Size 


lOdB minimum 
100 wit ti RMS nut put @ 
IdB compression 
10 watts nominal for 100 
watts output 

435 Mhz 4 15 Khz @ - I dB 
BOohrn BNC 
SOohm f N' T ype 
13.8 nominal 0 20 amps 
Ir.ir 100 waits output 
Same as MML 144/100 


PRICE: $449.95 


INCLUDING 

SHIPPING 


IDEAL FOR REPEATERS! 


WHAT A FINE PAIR!! 


♦ FULLY PROJECTED AGAINST POOH LOAD 
VSWR f OVERHEATING AND EXCESSIVE OH 
FIE VERSE VOLTAGE 


# FEATURES* 


♦ EQUIPPED WI T H RF VOX AND MANUAL 
OVERRIDE 

♦ SUPPLIED WITH POWER LEAD AND AL L 
CONNECTORS 


MML 144/100 MML 432/100 

10 WATTS IN-100 WATTS OUT J \. 10 WATTS IN- 100 W ATTS OUT 

100% DUTY CYCLE RATED 


TEXAS RF DISTRIBUTORS, INC 


JOE•WA5HNK 


CARL - W5UPR 


Exclusive U.S.A. Distributors 
of Microwave Module Products 

4800 WEST 34TH STREET • SUITE D12A 
HOUSTON, TEXAS 77092 

PHONE 71 3/680-9797 • TELEX 791322 












































test-equipment mainframe 


Construction ideas 
for those wanting 
convenience and 
a professional appearance 

for test equipment 


Over the years I've built many pieces of test equip¬ 
ment, at first without paying much attention to size 
or appearance. Size became important because of 
extended operation aboard a sailboat and led to a 
series of units packaged in standard 51 x 77 x 128 
mm (2x3x5 inch) miniboxes. As these units were 
developed, I realized that good appearance wasn't 
really difficult. (See reference for a description of 
many of these designs and for hints on obtaining 
good appearance.) 

These units served me well but had some disad¬ 
vantages. The main one was in assembly of a test set 
up, which involved chasing down the right unit or 
units, getting batteries together, and interconnecting 
the units to secure the desired signals. Storage was 
another problem, as well as keeping batteries on 
hand. 

The appearance of the Tektronics 500-series plug¬ 
in units and mainframe led me to adopt some of their 
ideas and to the development of the mainframe and 
plug-in system described here — very handy and a 
great time saver. 


The idea of the mainframe can be seen in the 
photo of the first (or prototype) version. At the bot¬ 
tom a chassis contains power supplies and control 
circuits, some interconnect circuits, and a series of 
switches. Receptacles at the top of the chassis are 
spaced to accommodate four miniboxes of the same 


A A 



fig. 1. Dimensions of angle stock needed for the first version 
of rack. Location of the pieces are shown. 


I size 51 x 77 x 128 mm (2 x 3 x 5 inch) for individ¬ 
ual instruments. A receptacle on the front panel al¬ 
lows use of another instrument on an extension cable 
or makes the power supplies and interconnect points 
available externally. 

The chassis used in the prototype are special 
boxes, having an L-shaped cross section. This can be 
seen more clearly in the photo of the second version, 

By R. P. Haviland, W4MB, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 
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52mm (2 5/8") 


134 mm 
(5 1/4") 


198mm 
(7 3/4") 


54 mm 

(2 t/8 ") 


ENDS 
(MAKE 2) 


64 mm 

(2 1 / 2 ") 


l2/mm(4 3/4") 


319mm (12 1/2") 


-/- 

CONTROL 

PANEL 

- -/- 



64 mm 
(2 i/2") 


121 mm 
(4 3/4") 


319mm (12 1/2”) 


-V- 

TOP 

-V- 


66 mm 

(2 9/(6") 




BACKING 

PANEL 


/ 


134 mm 
(5 1/4") 



- f -- 

SPACE RECEPTACLES 80mm(3 I/d") 

PLUG 

ON CENTER 

PANEL 


-J- 


53 mm 
(2 1/16") 


MAKE I OF EACH 


fig. 2. Dimensions of sheet metal for first version of the rack. Hardware "hobby" aluminum sheet is satisfactory. 


which also shows the receptacles (Jones plugs) that 
accept the instrument packages. This version uses a 
different method of interconnect (tip jacks) instead 
of switches feeding a pair of buses. 

mainframe construction 

Two methods of construction were used. The 
four-unit frame is designed for hacksaw and tin-snip 
fabrication. The five-unit frame is designed for form¬ 
ing with a sheet-metal brake. With care and a little 
time, the bends of the second type can be made with 


a vise. The pieces may be fastened with rivets or self¬ 
tapping screws. 

Dimensions of the four-unit rack are shown in 
figs. 1 and 2 for the sheet metal and angle pieces re¬ 
spectively. The do-it-yourself stock available in hard¬ 
ware stores is easiest to work, although the rack 
could just as well have been made from sheet iron 
and iron angle. 

Dimensions for the five-unit rack are shown in fig. 
3. This unit can also be built from thin do-it-yourself 
aluminum stock. It will be more rugged if at least 1.3- 


CUT AT CORNERS 



83mm 
(3 1/4") 

UP 


DOWN 


160mm 
(6 1/4") 


UP 


UP 

6 7mm 
(2 5/8") 


fig. 3. Sheet-metal dimensions for the second version of the rack. Bend on the dotted lines to 90 degrees. If prepainted sheet 
stock is used, watch the direction of bends carefully. 
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First version of the home-built equipment rack with home- 
built plug ins. Instruments are described in reference 1. This 
unit can be built with tin snips and hacksaw 


mm 10,05-inch) stock is used. Aluminum sold in rolls 
as mobile-home skirting is satisfactory, as is sheet 
iron. 

I've decided on a flat white finish for all small in¬ 
struments, with black lettering. The mainframe was 
finished the same way. Steps for obtaining a good 
appearance are as follows: 

1, Complete the instrument and get it working. 

2, Remove the case and clean it with steel wool 
and soap, Polish any scratches; smooth all 
corners. 

3, Spray with desired color paint, using several 
thin coats, 

4* Add lettering, using a pressure transfer kit. 
Watch location with respect to dials and binding 
posts. If any are crooked, remove and start over, 

5. With lettering complete, warm the case to 
about 92C (200FI, which improves letter adhesion. 

6. Finish the instrument with a thin coat of trans¬ 
parent spray, such as Krylon spray varnish, 

7. Reassemble. 

With a little practice, a professional-looking appear¬ 
ance can be obtained, 

power supplies 

Each of the units shown contains two independent 
power supplies. One provides ± 12 volts regulated. 
This is used mainly for instruments based on op 
amps but is also for general use. A 12,6-volt ac line is 
also brought out of this supply. The second unit pro¬ 
vides + 5 volts, primarily for TTL logic. 

Circuits for the supplies used in the prototypes are 
shown in fig, 4A. These are 1C regulated circuits. 


The original instrument design was based on ±9 
volts rather than ± 12 volts. If desired, provisions for 
these (or other) voltages can be made. Alternative 
connections for this requirement are also shown 
(fig, 48), 

unit interconnections 

In addition to the power leads, three bus leads are 
provided for unit interconnection. The interconnec 
tion schematic of the four-unit rack is shown in fig. 
5. One bus, C, is common to all units. It is usually 
used for a sync signal. The other two can be switch 
selected as shown. 

In the five-unit rack, the common bus is retained, 
but the unit leads A and B are brought to tip jacks, 
which gives more flexibility but is slightly less corv 
venient. 

The front panel also has an 8 pin receptacle (a tube 
socket was used in the prototype). This receptacle 
can be used with an extension cable to power 
another instrument or to power experimental equip 
ment. It's convenient to make up several cables, a 
long and short one with instrument receptacles, and 
another parr with pigtail leads, A supply of "short 
preventers," made from alligator clips covered with 
transparent vinyl tubing, is a further convenience. 


»—« 

O- 







* ifYOC 


GftQUNQ 


f&QC 



fig, 4 Circuit for power supply used in the racks, |A|, The 
320 regulator case must be insulated from the ground. IB} 
shows an alternative connection for +9, +12 volts. The 
negative line would be similar. 
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fig, 5- Schematic of interconnections for the first version of 
reck. For the second version, the feeds from pins 7 end 8 of 
the receptacles end on tip jacks to give greater flexibility in 
interconnection 


The nominal 51 x 77 x 128 mm (2 x 3 x 5 inch) 
instrument cases are usually 54 x 77 x 131 mm 
(2-1/8 x 3 x 5 1 /8 inches) and vary from one manu¬ 
facturer to another. Rack spacing is laid out with this 
in mind. 

The drilling and cutout pattern for the end of the 
instrument case is shown in fig. 6 This is for 8-pin 
Jones plugs. The alignment of the plug in with the 
mainframe affects appearance, so the plug cutout is 
oversize to allow for adjustment. 

A first Trial at the rack used tube sockets for recep 
tacles, These were undesirable, giving poor align¬ 
ment and requiring too much insertion removal 
force. The Jones plugs are much better. 

battery operation 

Most of the instruments used with these racks 


FHQHT C* HO* 



Cftr atiT 


M ftp Af H 

sent* 

fig, 6. Location of the plug cutout on the end of the 
mini box. Location of the plug should be adjusted if 
necessary, since alignment affects appearance when 
the unit is plugged into the rack 


have low power drain, so battery operation for port 
able use is possible* A convenient way of obtaining 
this is to build up a case with a receptacle on each 
end. Eight A cells will Iasi quite a while as the 12 volt 
supply. Four D-cells with one diode in series will do 
reasonably well for the 5-volt supply, or a lantern bat¬ 
tery can be used. If much portable operation is 
planned, use nickel-cadmiums instead of regular dry 
batteries. 

instruments 

The instruments shown in the prototype setup are, 
from left* 

Sine-wave/square wave audio oscillator, 20 Hz-20 
kHz, 



Second version of the equipment rack designed for forming 
from sheet metal. Strips of rubber tape in from of the 
sockets stabilise the plugged in instruments 


Function generator, square-wave, triangle, pulse 
and sine wave, period, 20 microseconds 20 
seconds. 


Summing step-gam amplifier, 40 to + 40 dB 
gain. 

Signal tracer or general purpose amplifier. 

These instruments and others are fully described in 
reference 1. 

Two of the instruments shown in the prototype 
photo have been refinished and relettered to fit the 
plug in format. The other two have been modified for 
the connector plug but have not been refinished. 
Additional instruments have been designed and 
built. I hope to describe these in a later article. 


reference 


1 R P Hawland, "Build 1i Booh of Miniature Test end Measurement In 
stmments." TAB, (No 792), HJue Ridge Summit Pennsylvania 17214. 
1976 
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It s a compact, up to 200 watts PEP input, 
id-state HF transceiver with such standard features 

ilt-in digital readout, IF shift, new PLL technology 

...and requires no tuning! 


Exciting and perfect for car or 
ham shack use! But. there's more 
to say about the TS-120S! This 
unique all solid-state HF, SSB/CW 
transceiver produces a hefty signal 
and also offers a Jot of other great 
features in a very attractive, com¬ 
pact package. 

FEATURES: 

• All solid slate with wideband HF 
amplifier si ayes No final dipping or 
lciaduuj r in j transmit dr lvv picking 

and no receive preselector tuning' 
Just dial yo ur frequency and operate 1 

• Five bands, plus WWV. Transmits 
and receives on 80 75. 40. 20. 15. 
and all of 10 meters ..and receives 
WWV on 15 MHz 

• 200 watts PEP (160 watts DC) Input 
on SOTS meters. 160 watts PEP (140 
wans DC) input on 10 meters. LSB, 
USB, and CW 

• Digital frequency display (standard) 
100 Hz resolution Six digits Special 


green fluorescent tubes eliminate 
viewing fatigue Analog suhdiaL too. 
for backup display 
IF shift (passband tuning), to remove 
adjacent frequency interference and 
sideband splatter 

Advanced PLL circuit, which ellm 
mates need for heterodyne crystal 
element for each band. PLL lock 
frequency. CAL marker signal, and 
counter dock circuit use single ref 
erence frequency crystal Simplifies 
circuitry, improves overall stability. 
Also improves transmit and receive 
spurious charactei istics, 

Attractive, compact design Measures 
only 3-V' high X 9^4" wide X 1&W 
long, and weighs only 4.M kg (11.7 
lbs.). A pel fet t si/e for conve 
nient mobile operation and rug 
yed enough for either mobile or 
portable use Also lias all the 
desired features for optimum 
ham shark operation at home 


* Noise blanker You 'll wonder where 
the ignition noise- went 
See the big little TST20S rig and match 
ing accessories (VFO-120 remote VFO 
SP 120 external speaker. PS-30 AC 
power supply. MB 100 mobile mount 
ing bracket, AT 120 antenna tuner and 
YK 88C CW Filter) at your nearest 
Authorized Kenwood Dealer 1 



STILL AVAILABLE... 
KENWOOD TS-5205 
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in size... 


big on performance! 


TR.7625 

r-ialuring 7h watts RF output Owilchatakt in & w(ilt£ 
■ •tw power) IhO TR-7S25 is a high-nertormancfl 
2 metet FM tr on ice Ivor with memory, and is 
signori 1b permit mulii-chenhal tflQLLchanneii 
oporahon Compact and ported lor mobile or hem 
truck use Whian tried with optional RM-ZB 
MlcroprocBSaof Control Unit; Itio TR-7&25 offers 
ft whole now dimension m channel memory and 
scanning ctipiihilily 
TR-7800 

Looks ihe same as Ih&'TR^OS; Tiui offers U> 
walls RF output (switch Able lo l watt low power) 
Also uses RM-7© Microprocessor Control Unit For 
thrj Amateur Operator who 3 looking for optimum 
versatility m a 2 -meter FM transceiver I 1 
HM-7G 

Combined with either trie TR-7&00 or TR-762S. 
tms optional Microprocessor Control Unit allows 
itie operator to store frequencies in six memories 
f'iimplev/repanter), scan all memory chan rum. 
automnlicaMy scan up the hand in 5 kHz slops, 
manually Scan up or down in 5 kHz single or fasl 
continuous steps set lower and upper scan 
limits, clear scan (for transmitting!, slop scan 
(with HOLD button i scan tor busy or open 
channel ■select repeater mode (simplex, transmit 
frequency offset (<.600'kHz or ±1 MHzi or one 
memory transmit frequency Operates on M3 95 
simplex iMAflSt Display indicates trequency 
tfflven while scanning land functions (such as 
auiosciirii lower scan frequency limit, upper scan 
hrn.i and error, i e , transmitting out of bandl 
TS-7QOSP 

Here's an outstanding 2 meter all-mode 
transceiver that provides an extra dimension of 
versatility over the entire 2-meter hand Feature- 
packed nhd equipped for SSB. FM Cw and AM 
COmpte 10 wilh tiniII m digital lunquifiicy readout, 
receiver pruarpplltier VOX. gidatcne and 


SPECIFICATIONS ModefsTR-760C/TR-7B?5» Model IS-700SP 


Model ra-asoQ 


Frequency Range 


H4 !'■! In \tt L in ( . VM; 


144 U Id I40OMIO 


Tk; 445 Dtp 450 0 MHf 


FIX 447 Din 411 DMHr 


Muife 


3S&(D5B 1 SB) Ctt AM. FM 


Oimenliunj 


16 Tmm fG-S/lfi") mete 
etmm |7-3/rj ti.qh 
230mm (9-1/161 deep 


2 JSmm (iQ7/r) wide 
iZJmm {* fH") high 
320mm (12-5/01 deep 


100mm (M/16 | wide 
6Dmm (? VB1 hiuti 
240mm (97/161 dries 


WeifllH 


175kS (3 9516s) Approx 


n OkQ (24 216s) 


2.3kg (5 J Ihs) 


(IF Guifiul Pawn 


High W*?5| waits (mm > 
law i(*5| uMlt flpiifdi 
MfUSllbte to 10 WANS) 


$$& FM LW IDwilli 
AM 3 Witts 

FM (Lew)-Approx I wilt 


H ph tOwilli 

Law i w.ur Kppm 


Modulation 


VjiuIiIp 1 uncinate dattet ihih 


5>5B Bitonnrd modulilmn 
FM too i trie resell nee 
Irequinity shift 
AM Law power mo dull lion 


Van a bin uric; Emma phi sc ihilt 


Microphone 


Dynamic miemphnne wait 
FT I switch SOOt! 


Senulivilf 


Leif Ihin 0 4pV Ini 
70 rift quietiriq 


Law impcdant p mic laehnip! 


Ltro ■impedance micioplume 
(500 U) with ATT iwilrh 


Ltii ihin 0 i^V tor 
70 rift quieting 
SSB 5 CW 0.25 pV tor 
l"riB 

AM i U/ivr&f fD UB (S ^ MJM 


Squelch SxntiliviEf 


Leu I Ivan 0 75 pV 




lilf 30 dh 15 mm 

0 5pV far 20 UR multi [jointing 


0 25/iV 


0.3//V 


StKclMIr: 


More thjn 7© dB at 30 IHr 
nf ■ c i 1 f u t.r !fii channel 


SSB CW I AM 2 * kit //*6 d0, 
4 5 kHz/60 riB 
FM mtlrMidO 
dB 


JOkHi/- 0 ctft 
4UAH/J IQ UB 


Imige Rcicclnin 


Mure Etitit FD dti 


Oettei Ihjan 10 tlfi 


rmcm phone 


ACrFSSDRlFS - VFO-700 rornotn VFO SP /O ^Jtlyrnal sqnnker KPS / fiuwi-r isupiily MC 50 hasf itin;ru 


phone, MC-30S rriutuli* noise cancelling midrophom? and Me; t5 Touch Tone miciophone 



TR-8300 

Designed tor use tn ihu 70 cm umateui hand 
Uniquo design ql thf tR-BODO makes >i a great 
choice for mobile or frxud-sLition use This FM 
trinipoivif IS capable of F3 umission on 23 
crystal-controlled chnnnels (throe supplied) 
Transmitter output is 1 U watts 


Set 1 YQiir Aulhpft. r <*ct Kt nwood Dcnftir to r mon' r/e-r ;irrr. 



TRIO KENWOOD COMMUNICATIONS INC 

1111 WEST WALNUT COMPTON CA 90220 




























































scaling antenna elements 


Many high-performance dipole and Yagi-Uda 
antenna systems have been developed over the 
years, but scaling them for use at other frequencies 
can produce disappointing results when the ele¬ 
ments' length and diameter cannot, from a practical 
standpoint, be scaled directly. Fig. 1 was developed 
a number of years ago for element lengths near a half 
wavelength. 1 The advent of the modern hand 
calculator has turned nuisance calculations into a 
challenge. 


using fig. 1 

As seen in fig. 1, the relative wave velocity on any 
element is a function of that element's length-to- 
diameter ratio, with: 



where l n = the length of the nth element 

d n = the diameter of the nth element 
r n = the length-to-diameter ratio 

Once the relative wave velocity, v rn , has been deter¬ 
mined from fig. 1, the free-space wavelength and 
element length are related by: 

/ = jn_ nr , = ( 2 ) 

0 v rn orl ° V Tn 

where l n - the length of the nth element 
l Q = the free-space wavelength 

For changes in an element's diameter, the new and 
old lengths can be equated by: 



j _ _ In _ D n R n 

L ° ~ v ~ V ~ V 

v rn y m v rn 

where L n 

= the new length 

Dn 

= the new diameter 

Vrn 

= the new relative velocity 

D-n 

= the new length-to-diameter ratio 


practical examples 

Length for a given diameter. How long should a 
3/8-inch diameter rod be when it is a one-half wave- 


* Contrary to normal ham radio style, the examples in this article do not, for 
two reasons, include metric conversions. First, the element sizes are com¬ 
mon in the U.S., used here as examples rather than for absolute conversion 
to the metric system. Second, the added complexity of metric conversions 
would tend to hinder understanding of this article and its formulas. 



length radiator at 150 MHz? From the standard wave¬ 
length formula, a free-space, half-wavelength radia¬ 
tor is 39.3429 inches long.* Rearranging eq. 2 yields: 


}o_ 

d n 


In. 

Vrn 


with ——- 
Vrn 


39.3429 

0.375 


104.9 


By moving along fig. 1, you will find a point on the 
curve where the length-to-diameter ratio divided by 
the relative velocity equals 104.9, r n - 96.3 and 
v rn = 0.918. 

From eq. 1, the rod length then becomes 


n Q'n'Tn 

= (0.375) (96.3) 
= 36.12 inches 


Change of diameter. Assume that one-half wave¬ 
length element is 391-1/8 inches long, and that its 
diameter of 1.5 inches should be increased to 2.0 
inches for added strength. What should the new 
length be? By eq. 1: 

r n = = 391 125 = 260.75 

« n 1.5 

From fig. 1, the relative velocity, v rn , is about 0.9411, 
and substituting into a rearranged eq. 3 produces: 


v n _ 


R 


n 


Vrn^n 


v. 


rn 


391.125 

0.9411(2.0) 


207.802 


Move along the curve on fig. 1 and find the new 
length-to-diameter ratio divided by the new relative 
velocity factor which gives the above ratio, or: 


R 


n 


V. 


rn 


207.802 


194.3 
0.9351 


The new length-to-diameter ratio is 194.3, and the 
new relative velocity factor is 0.9351. 

From this, the new element length becomes 


L n = R n D n = 194.3(2.0) 
= 388.63 inches 


Change of frequency. Assume that a 146-MHz 
director has a diameter of 3/8 inch and a length of 
35.0 inches, and is to be used at 14.2 MHz with a 
new diameter of 2.0 inches. What is the new length? 


By Harold F. Tolies, W7ITB, Post Office Box 
232, Sonoita, Arizona 85637 
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RELATIVE VELOCITY, Vr 


fig. 1. Graph of the cylindrical wire relative velocity vs. an element's length-to-diameter ratio.* This excludes the small spacing 
effects in series-fed antennas. 


First: 



35.0 

0.375 


93.333 


From fig. i, the relative velocity factor is about 
0.9168, and the free space wavelength is: 


35.0 

0.9168 


38.1763 inches 


or 0.4722X at 146 MHz. 

From this, the 0.4722 X at 14.2 MHz is 392.5162 
inches (L 0 .) 

Therefore: 


Dn 


392.5162 

2.0 


196.2581 = 



Move along the curve on fig. 1, and find that: 


R-n 

V 

v rn 


196.2581 = 


184.0 

0.9375 


The new element length, L n , becomes 


L n = R n D n = 184.0(2.0) 
= 368 inches 


summary 

As the above examples show, fig. 1 can be used to 
solve a number of element scaling problems in a 
short period of time when a hand calculator is avail¬ 
able. Moving from left to right on the figure increases 

*For greater accuracy, a full-size copy of the author's original graph is avail¬ 
able by sending a self-addressed, stamped envelope to ham radio, Green¬ 
ville, New Hampshire 03048. 


(quite rapidly) the R n /V Tn ratio, and solving for L n in 
terms of R n D n and V rn L 0 (where L 0 = L n /V rn ) is a 
good check (as well as refinement) of the ratio 
obtained from the fig. 1 curve. 

I have used this procedure many times to scale 
beam elements with excellent results. For example, I 
scaled one high-performance, free-space, 3-element 
Yagi-Uda array directly from the 2-meter Amateur 
band to the 40-meter Amateur band, and the maxi¬ 
mum gain frequency shift on the 40-meter band was 
only 10 kHz! 

It appears that good results can be obtained when 
the element lengths are within ± 20 per cent of free- 
space, one-half wavelength, but the error is also a 
direct function of the number of antenna elements. I 
have not found this error to be significant in array 
scaling. 

Fig. 1 assumes that the elements are either shunt- 
excited or are parasitic. When driven elements are 
series-fed, a small gap capacitance exists across the 
end of the feed line which is in parallel with the ele¬ 
ment self-series impedance. This affects the driven 
element impedance more than it does the driven ele¬ 
ment gain. When the driven series-fed element is 
essentially one-half wavelength, good scaling results 
occur when the gap is omitted in scaling this 
element. 

reference 

1 . S. A. Schelkunoff and H. T. Friis, Antennas: Theory and Practice, John 
Wiley Ft Sons, Inc., Chapter 13; 1952. 
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YOU ASKED FOR IT 

YOU GOT IT 

DSI QUIK-KIT® 

50 HZ - 550 MHZ COUHTER KIT 


95% ASSEMBLED 100% TESTED 
Performance You Can Count On 



3550 


Every 3550 QUIK-KIT® PC board is 
factory assembled and tested before shipment. 

The problems of bad LED's, ICs, and 
Capacitors are a thing of the past. No 

manufacturer except DSI offers a 550 MHZ 
frequency counter with... 8 digits, .5 in. LED's, 
TCXO, 1 HZ resolution and a one year warranty 
on parts for under $100.00. We do not 

know how long we can hold this low, low price. 


DSI OFFERS THE BEST OF TWO WORLDS . . . 

An unprecedented DSt VALUE... in a high quality, LSI Design, 
50 HZ to 550 MHZ frequency counter kit. And, because it’s 
a DSI innovation, you know it obsoletes all competitive 
makes, both in price & performance. 

With 95% of the assembly completed by DSI, you are only 
one hour away from solving all of those difficult bench 
problems, from adjusting 60 HZ clock-time bases to setting 
the frequency of a 468 MHZ Mobile Radio. 

(800-854-2049) (800-542-6253) 


FREQUENCY COUNTER APPLICATION: 
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Price 
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$ 99.95 
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e.V - 14SVDC 2*"H * S"W * 5“D 
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3550K Kit.$99.95 QS 3550W Wired.$149.95 

T-101 Ant. 3.95 DSI INSTRUMENTS, INC. T-101 (incl.). NC 

AC-9 AC Adp. 7.95 7924 Ronson Road. Dept. G AC-9 (incl.) . NC 
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AC—DC Operation 

BNC Inputs 1 Meg Direct 50 Ohms Prescafed 

8 Large .4" LED Readouts 

Auto Decimal Point & Zero Blanking 

1 Year Limited Warranty Parts & Labor 
100% Factory Assembled in U.S.A. 


MODEL 500 HH 

50 Hz — 500 MHz 

Without Battery Capability 


MODEL 100 HH 
50 Hz — 100 MHz 


Without Satiety Capability 


With Battery Capability 

MODEL 500 HH ..$169.95 
MODEL 100 HH .. $119.95 


The 100 HH and 500 HH hand held frequency counters 
represent a significant new advancement, utilizing 
the latest LSI design . . . and because it's a DSI inno¬ 
vation, you know it obsoletes any competitive makes, 
both in price and performance. No longer do you have 
to sacrifice accuracy, ultra small readouts and poor 
resolution to get a calculator size instrument. Both 
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.1 sec. — 1 PPM TCXO time base. These counters are 
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854-2049) (800-542-6253) 
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predicting close encounters: 


Oscar 7 and 
Oscar 8 

This article presents 
a fast, simple, and accurate 
method for predicting 
close encounters 
between Oscar 7 and 8 


I In early 1975, Amateur Radio operators added 
another first to their long list of communications ac¬ 
complishments when two earth stations communi¬ 
cated via a path involving a direct satellite-satellite 
link. 1 Each station transmitted to AMSAT-Oscar 7 on 
432 MHz; the signals were then relayed to AMSAT- 
Oscar 6 on 146 MHz, and back down to the ground 
on 29 MHz. Never before, in any radio service, had 
two satellites been directly interlinked to support 
communications between two ground stations. 

Communication via the ESSE (earth-satellite-satel¬ 
lite-earth) path, using Amateur spacecraft, has been 
possible only when the satellites involved were rela¬ 
tively close to each other. Of course,* it's also neces¬ 
sary that the transponder frequencies be suitable. 
Close-approach periods, lasting approximately three 
weeks, occurred about every six months for the 
AMSAT-Oscar 6 and AMSAT-Oscar 7. I still clearly re¬ 
member the reference orbit (first orbit of the GMT 
day) on Wednesday, February 5, 1975, during the 
first close-approach period. AMSAT (and the new 
RS) satellites are reserved for special experiments on 
Wednesdays, with a very interesting test scheduled 
for this particular day. The distance between the two 
spacecraft was less than 1200 km on the reference 
orbit, and Amateurs with 432-MHz transmit capabili¬ 
ties were being encouraged to try for interlinking 
QSOs. Strict cooperation was needed if the tests 
were to succeed; anyone transmitting to Oscar 6 on 
146 MHz might desensitize the transponder and con- 

By Martin Davidoff, Ph.D., K2UBC, Mathe¬ 
matics Department, Catonsville Community Col¬ 
lege, Catonsville, Maryland 21228 
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fuse stations receiving on 29 MHz* The results are 
history — the tests were a huge success. Coopera* 
tion was excellent; rapid fading, which many feared 
might be a serious problem, was minimal, and 
dozens of QSOs were made. Rag-chewing quality 
signals were heard on the 29-MHz downlink from 
W2GN, W8DX, VE28YG (VE3SAT), K3JTE (W3PK), 
and many others uplinking on 432 MHz* 

AMSAT later received written reports of completed 
ESSE GSOs from fifty-five Amateurs in twelve coun 
tries during the January/February, 1975, close-ap¬ 
proach period. Contacts were reported for satellite 
separation distances ranging up to 2000 km, and re 
ception of the Oscar 7 mode B beacon repeated by 
the Oscar 6 transponder was reported for satellite 
separation distances ranging up to 7000 km. ESSE 
tests involving these two spacecraft continued dur¬ 
ing periods of close approach until mid 1977, when 
Oscar 6 ceased operation. 

The transponder frequencies for Oscar 8 where 
chosen so that ESSE tests could resume. Both mode 
A and mode J are suitable. Fig. 1 illustrates the links 
and transponder frequencies involved in ESSE com¬ 
munications using Oscar 7 and Oscar 8. Almost inv 
mediately following the launch of Oscar 8 (March 5, 
1978), it became apparent that ESSE communica- 
lions could take place when sensitivity measure¬ 
ments by K1HTV and W6CG of the Oscar 8 trans¬ 
ponders (modes A and J) showed that, as long as the 
satellite age wasn't being activated, good return sig- 

— 

Oscar 7, now more than lour years old, is beginning 10 show 
signs of age The unscheduled mode lumping and erratic behavior 
of (he mode B transponder and beacon observed in receni months 
are likely so conrinue. With a lithe luck, ground station cooperation 
(use minimal uplink power I, and careful management by the com 
mand stations, Oscar 7 may conlinue to a per ale for many more 
years. 

Operating modes for Oscar 7 are nor specified in the 1979 
W6PAJ Orbit Calendar because instructions to the ground cum 
mand stations are being formulated on a short lead time basis to 
help prolong Ihe sat cl file's Me (battery voltage and internal Ifinrtjjftt 
dcures are being carefully monitored), and because the spacecrafi 
often jumps modes of its own accord Users may operate through 
whichever transponder is on. except, of course, on UTC Wednes¬ 
days when Oscar 7 and Oscar B are reserved for special authorised 
experiments, or if amsat announces a spacecraft emergency T he 
W6PAJ Orbit Calendar can b* relied upon to accurately provide 
Oscar 7's position, but it's up to the user to determine the operating 
mode. Atmospheric absorption ai 10 meters {resulting from high 
solar activity I , and almost total loss of the mode B beacon make 
this a bit more involved lhan it first appears. Often, the only way to 
determine if the mode B transponder is on is to transmit in the up 
link passband Mode B itself appears to have two distinct operating 
states, a normal state where it works as well as when first launched, 
and a degraded stale where sensitivity and power output are way 
down. If nothing is heard on mode A or mode B. the transponder is 
probably in the recharge mode 



fig. 1. Diagram of the paths and frequencies involved when 
two earth stations communicate via a direct fink between 
Oscar 7 and Oscar 8 


nals could be obtained over line ol-sight paths of 
3000 km by ground stations using as little as 100 milli¬ 
watts to a dipole. These expectations were acciden 
tally confirmed a few days later when a number of 
Amateurs using the mode B transponder on Oscar 7 
were inadvertently repeated by the mode A trans 
ponder on Oscar 8, To date, I'm not aware of any 
successful interlinking experiments using mode J. 

the problem 

With Oscar 6 and Oscar 7 in similar orbits, close- 
encounter periods lasted a few weeks and were repeat¬ 
ed on approximately a six-month schedule. The situ¬ 
ation with Oscar 7 and Oscar 8 is quite different* 
Close encounters now last only part of an orbit, but 
they occur almost once a day* A given ground sta 
tion is in range of only a small percentage of such 
close encounters. Since satellite separation distance 
is a critical factor in ESSE communications, stations 
seriously interested in experimenting with this mode 
need an accurate method of determining when close 
encounters will occur and what the separation dis 
tance will be* The goal of this article is to present a 
fast, simple method for obtaining this information. It 
involves the "dose-encounter curves" shown in fig* 
2. With these curves, Amateurs can select the best 
orbits (and sections of orbits) for linking experi¬ 
ments. The mathematical basis of close-encounter 
curves is described in the appendix* 

close-encounter curves 

The vertical axis of the close-encounter curve (fig. 
2) represents the separation distance between 
AMSAT-Oscar 7 and AMSAT Oscar 8. This informa¬ 
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tion is presented as a function of the elapsed time (in 
minutes) since the last Oscar 7 ascending node. Eight 
curves are shown in fig. 2. Each one is labeled by a 
parameter r, which indicates the difference (in min¬ 
utes) between the Oscar 7 and Oscar 8 ascending 
nodes. Our convention is to use positive values for r 
when Oscar 8 crosses the equator after Oscar 7. For 
example, if an Oscar 7 ascending node occurs at 
0141Z, and an Oscar 8 ascending node occurs at 
0144Z, the curve labeled r = 3 applies; if both 
ascending nodes occur at the same time, the curve 
labeled r = 0 is used. Fractions of a minute should 
be rounded off. The following series of questions and 
answers best illustrate how the curves are inter¬ 
preted. 

Q. Under what conditions will Oscar 7 and Oscar 8 
pass closest to one another? 

A. Fig. 2 shows that the intersatellite distance ap¬ 
proaches a minimum value on orbits when the Oscar 
8 ascending node occurs about four minutes after 
the Oscar 7 ascending node. The point of closest ap¬ 
proach will occur about 27 minutes after the Oscar 7 
ascending node. You can also see that the separation 
distance is never less than 550 km, the difference in 
altitudes of the two spacecraft. 

Q. How can a ground station at 40 degrees north lat¬ 
itude pick the optimum orbits for intersatellite com¬ 
munications? 

A. A station at 40 degrees north latitude has access 
to Oscar 7 only until 23 minutes after the ascending 
node (on an overhead pass). The station cannot ac¬ 
cess the satellite at the point of intersatellite closest 
approach. Looking at fig. 2 you can see that, begin¬ 
ning at 15 minutes after the Oscar 7 ascending node, 
the intersatellite distance becomes less than 1700 km 
when t = 2, 3, or 4 minutes (Oscar 8 ascending 
nodes occurring 2, 3, or 4 minutes after the Oscar 7 
node). The time slot between 15 and 23 minutes after 
the Oscar 7 node is the best window. We've arbitrari¬ 
ly chosen 1700 km as our cutoff point because sig¬ 
nals will be down 10 dB relative to 550 km (absolute 
closest approach) due to 1 /r2 path losses. 

Each ground station using close-encounter curves 
will find it convenient to shade in the area during 
which access to Oscar 7 is not possible. For example, 
a station at 40 degrees north latitude would shade in 
the region between 23 minutes and 35 minutes on 
fig. 2. 

Q. For my ground station at 40 degrees north lati¬ 
tude, 1 see that the time period between 15 and 23 
minutes after an Oscar 7 ascending node is optimal 
for intersatellite communications if Oscar 8 has an as¬ 


cending node 2 to 4 minutes later. How is this infor¬ 
mation used to select specific orbits? 

A. Just read down the Oscar 7 and Oscar 8 time col¬ 
umns in the W6PAJ orbit calendar until you locate an 
Oscar 8 node occurring 2 to 4 minutes after an Oscar 

7 node. When you find one, use your usual tracking 
aid (Satellabe, Oscarlocator, etc.) to determine if 
both satellites are within range during any portion of 
the time slot (15 to 23 minutes after the Oscar 7 
node). 

Q. Should a station at 40 degrees north latitude con¬ 
centrate on morning descending orbits or evening 
ascending orbits for intersatellite communications 
experiments? 

A. It's hard to say. Fig. 2 shows that, during 1979, 
the evening orbits provide shorter intersatellite dis¬ 
tances. Other factors, however, such as the normally 
lower transponder loading early in the day, might 
lead to better results on morning orbits. For morning 
passes, a station at 40 degrees north latitude would 
select orbits with r = 4, 5, or 6 and concentrate on 
times between about 35 and 40 minutes past the 
Oscar 7 ascending node. 

Q. Over what period of time can fig. 2 be used? 

A. If the relative orientation of the Oscar 7 and Oscar 

8 orbital planes remained constant, fig. 2 could be 
used indefinitely. Because there is a slight drift in the 
relative orientation of these planes, a graph like the 
one shown in fig. 2 must be drawn for a specific 
date. In this case, the predicted positions of the or¬ 
bital planes for July 1, 1979, were used. The drift, 
however, is so slow that fig. 2 will provide reason¬ 
ably good results (within one minute or 200 km) for 
all of 1979. 

Q. How often can one expect to find Oscar 7 and 
Oscar 8 in a position suitable for interlinking tests? 

A. A close approach, while both satellites are in 
range of your ground station, will occur about once 
every seventeen days for evening (local time) orbits. 
For morning orbits, the figure is also about once in 
seventeen days. On the average then, if morning and 
evening passes are considered, any ground station 
will have a good shot at interlinking about once every 
eight or nine days. 

These answers were derived as follows. The prob¬ 
ability of a close encounter occurring on a given 
south-north satellite pass is equal to the probability 
of t being 2, 3, or 4 minutes. With three suitable one 
minute time slots out of a 103-minute period, the 
probability of a close encounter occurring on a spe¬ 
cific orbit is 3/103. On the average, there are two 
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DISTANCE (MILES) BETWEEN SATELLITES 



close in Oscar 8 south-north passes each day, so the 
probability of a close encounter is 2(3/103) per day, 
which translates into once every seventeen days. 
The analysis for north-south orbits is similar, except 
for the fact that the three desirable time slots for r are 
4, 5, and 6 minutes. 

Keep in mind that Oscar 7 must be in mode B if 
communications are to be possible during a close en¬ 
counter. Concern for Oscar 7's health and longevity 
has forced AMSAT to begin selecting modes on a 
day-by-day basis, so you just have to take a chance 
that it will be in mode B. 

Q. Is Doppler shift a serious problem? 

A. Doppler shifts are not a serious obstacle. The real 
problems are spurious responses (birdies) and desen¬ 
sitization in the receiving system. Finding your own 
downlink signal will always involve some searching, 
and you'll quickly realize the value of good filtering 
on the transmitter and receiver (to prevent birdies 
and desensitization) and thorough testing of your 


ground station when the satellites are not in range (to 
learn the location and characteristics of any remain¬ 
ing birdies). 

The following considerations should help you re¬ 
duce the amount of searching you must do for your 
downlink. The total Doppler shift consists of contri¬ 
butions from each of the three links involved. The 70- 
cm link(s) produce the largest effect. For a mode- 
B/mode-A linkup, the total Doppler should be less 
than ±6 kHz. A rough, but close, guess of the value 
can be obtained by just considering the position of 
Oscar 7 (mode-B transponder) and using the fre¬ 
quency offset regularly seen for a mode-B QSO. 
With a mode-B/mode-J linkup, the Doppler can be 
up to ±12 kHz. Once again, the value can be 
estimated by concentrating on the 70-cm links. If 
both satellites are moving either toward you or away 
from you, the Doppler shifts will tend to cancel. Dur¬ 
ing optimal-access periods, one of these two cases 
usually exists, so searching for your downlink can be 
confined to a ±6 kHz window. 
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fig. 3. The position vectors for two satellites. This diagram 
represents Oscar 7 as satellite 1 and Oscar 8 as satellite 2. 


Q. I've been using the close-encounter curves to lis¬ 
ten to the Oscar 7 mode-B beacon through Oscar 8 
mode A, and signal strength correlates reasonably 
well with the curves but not completely. Why? 

A. Distance is only one aspect of Oscar 7/Oscar 8 
radio-link performance. Another important factor is 
relative orientation of the spacecraft antennas. This 
can be accurately modeled if a computer is available. 
The close-encounter curves would enable us to save 
a great deal of computer time by restricting path-loss 
studies involving antenna patterns to a small portion 
of a limited number of orbits. Ground stations must 
also take into account transponder loading and the 
performance of the satellite-ground communications 
link if they hope to explain all observations of the 
Oscar 7 mode-B beacon through Oscar 8. 

table 1. Notation for intersatellite distance problem. 
SSP = subsatellite point. Numerical values for Oscar 7 and 
Oscar 8 are shown in brackets. 


appendix 

The mathematical derivation of the close-encounter curves is 
outlined in this appendix. Note that it is not necessary to read this 
section to use the close-encounter curves. To understand the fol¬ 
lowing material, you need some background in spherical coordi¬ 
nates and three-dimensional vectors. Our analysis focuses on two 
satellites in circular orbits, as shown in fig. 3. The notation used is 
summarized in table 1. Note that the subscript 1 is used to refer to 
the satellite with the longer period (higher altitude). The intersatel¬ 
lite distance, s(t), is given by the magnitude of the vector ( f } - r^) 

s(t) - V(r* 7 - fz) • (fj - rrf 

— Vr/^ 4- T2 2 ~ 2(f} • F 2 ) (1) 

To evaluate Fj*F 2 , express the Cartesian components of each 
position vector in terms of the spherical coordinates of the given 
satellite (0 - colatitude, X = longitude). Both coordinate systems 
have their origins at the geocenter and rotate with the earth. The 
orthogonal unit vectors i,j, and k are defined as follows: i is along 
the line joining the geocenter to the intersection of the equator and 
the prime meridian, j is along the line joining the geocenter to inter¬ 
section of the equator and the 90 degree east meridian, k is along 
the line joining the geocenter and North Pole. The position of satel¬ 


lite 1 is given by 

fj = rj sin dj cos\] i+rj sin sin\j j + rj cos 0 / k (2A) 
The position of satellite 2 is given by 

F2 = T2 sin 0 2 cos X2 i + T2 sin $2 sin X2J + T2 cos 62 k (2B) 

Transforming from colatitude, 0 , to latitude, 0, (0 = 90° - 8) 

rj = rj cos 0j cos\] i+ rj cos 0j sin\ij+ rj sin 0 ] k (3A) 

?2 = r 2 cos 0 2 c °s X2 z + 7*2 cos 02 sin X27 + r 2 sin 02 k (3B) 

The inner product, f}«f£ # of eq. 1 can now be evaluated 


s(t) = + ~ 2rjT2icos 0 1 cos 02 cos(\2~-\i) + sin 0 j sin 02\ (4) 

The coordinates 0 and X, for each satellite, appearing in the 
brackets on the right hand side of eq. 4, are the same as those of 
the respective subsateliite points (SSPs): 

t 

0 l(t) = arcsin [sin ij sin ( 360 ° )\', (5A) 

Pj 

02(0 — arcsin [sin i2 sin ( 360 ° * D 7 )\ ; (5B) 

r 2 


parameter 

radial distance 
(geocenter to satellite) 

position vector 
(geocenter to satellite) 

period (note: P 1 >P 2 ) 
(minutes) 

orbital inclination 

elapsed time since 
ascending node of satel¬ 
lite (minutes) 

latitude of SSP at 
time indicated 

longitude of SSP at 
time indicated 

longitude of SSP at 
ascending node 


satellite 1 
[Oscar 7] 

^[7,831.km] 

P, [114.945 
minutes] 

i 1 [ 101.7 degrees] 

t 

0,(t) 

X^t) 

X 10 (occursat 
t - 0) 


satellite 2 
[Oscar 8] 

r 2 [7,281.km] 

r 2 

P 2 ( 103.231 
minutes] 

i 2 [99.0 degrees] 

t— T 

0 2 <t! 

X 2 (t) 

X 20 (occurs at 
t = 7) 


\l(t) = \io + ~4 + I) n 2+ n ’arccos 


cos 


[)6°° -C) 


cos 0](t) 


(6A) 


x^ 2(0 = X20+ *-4-- + (-1) 


Tin + Tl , 

2 1 arccos 


>0 t-r 
F 

COS 02(0 


cos [ 360 ° - p J j 


(6B) 


where 


0 90 ° <z < 180 ° 

1 0° <z < 90 ° 


n$ 


0 

1 


0(t)>O° 

0(0 <o° 


/ Northern \ J 
\ Hemisphere j 
(Southern \ 

\ Hemisphere I 


Here are the sign conventions: North latitudes are positive, south 
latitudes are negative, all longitudes are in degrees west, and longi¬ 
tude displacements toward the west are positive. 
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The sign convention for longitudes adopted in eqs. 6A and 68 is 
the same as that used in the Satellabe, Oscarlocator, W6PAJ Orbit 
Calendar, and mosl other U S and Canadian Amateur literature 
It s a very convenient convention for stations located between 0 
ami 180 degrees west longitude. Most non Amateur literature, 
recognizing the computational advantages of a right hand coordi 
nate system, is based on a different sign convention - east kmgi 
tudes and displacements towards the east are regarded as positive. 
This approach was used in the besi treatment of orbits available in 
the Amateur literature Peter D Thompson, Jr., ' A General 
Technique for Satellite Tracking, " QSJ November, 1975, page 29. 

Allhough the situation may sound contusing at first, it's really 
lust a minor problem once you're aware of ils existence Since both 
conventions have men! and are well established, the best course of 
action for radio Amateurs working on basic computations appears 
to be to use a rigbi hand coordinate system for compurations and 
then, as a final step, transform to the U S /Canadian convention. 
To compute I he mier&aiaflite distance, s t as a function of time tor 
a specific set of two orbits, eqs. 5A. 5B 6A, and 6B are substi 
tuted in eq. 4 The result is indicated symbolically by 

i s\(ij t i» r P t , P2 t n. r2). AX„. 7 , f |, 17) 

You can see that ,* depends on a set of constants fi ff r*. P it P^ r tA 
T 2 ), the parameter Xk„^(K :o \ ni } f which is a measure of the dif 
lerence in longitudes at the ascending node, the parameter t, 
which expresses the difference in time of ihe two ascending nodes, 
and the time t measured from the ascending node of satellite T. 
Once the two satellites are chosen, (he six constants are known 
and eq 7 expresses the fact that the intersatellite distance is a 
function of three variables 

If you have a T1 59, HP 87, or similar programmable hand calcu 
la tor, you can use eq, 7 in conjunction with equatorial crossing 
data to first compute AX f , and t for a specific set of two orbits, and 
then calculate the distance, ,i p every 2 minutes over the course of 
the orbits. Although this method works, it is very time consuming if 
you're trying to evaluate a large number of orbits for their suitability 
for interlinking experiments This leads to Ihe problem of finding 
some simple way of expressing eq, 7 in graphical form. 

The _1X„ term in cq. 7 can be written 

ax,,-x ot -x /0 = \ + iX* 181 

where AX* is a slowly varying function describing the relative orien 
tation of the orbital planes of Ihe twosaielliies 
The 1979 W6PAJ orbit calendar using data by Or Tom Clark 
IW3IWI), predicts that AX' will be 18.6 degrees on January 1, 
1979, 19.0 degrees on July 1, 1979, and 19 4 degrees on December 
31, 1979 If AX’ can be treated as a constant* then eq. 7 will 
depend On only two variables, and a function of two variables can 
often he illustrated on a single graph as a set of curves. To test this 
approach, three graphs teach graph consisting of a set of close 
encounter curves) were drawn for AX’ 18.6 degrees, 19,0 
degrees, and 19.4 degrees tAll computations were performed on 
an HP 97 programmable calculator.) From these graphs, it was evi 
dent that a 0 4 degree change in AX* had a negligible effect on the 
close-encounter curves. A single graph {fig. 21 can therefore be 
used for all of 1979, 
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FREE: HAI TRONIX 1979 Special Clock Kit — with 
purchase of any Frequency Counter, 

COMPLETE KITS: CONSISTING OF EVERY ESSEN TAL PAM I NEEDED TU MAKE YOUR 
COUNTER COMPLETE. HAL-600A 7-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO 
TO 600 Mh? FEATURES TWO iNPutS ONE FOR LOW FREQUENCY AND ONE FOR HIGH 
FREQUENCY AUTOMATIC ZERO SUPPRESSION IlME BASE IS i 0 SEC OR I SEC GATE 
WITH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY i 001%. UTILIZES 10 MHJ 
CRYSTAL 6 PPM 

COMPLETE KIT .. ...SIM 

HAL 300A 7-DIGIT COUNTER WiTH FREQUENCY RANGE OF ZERO TO 300 MHZ FEA 
LURES TWO INPUTS ONL FUR LOW FREQUENCY AN [JUNE KJR HIGH « HIUULNCY All IQ- 
MALIC ZERO SUPPRESSION TIME BASE IS J USEC Qft 1 SEC CATE wiTm OPTIONAL Hi 
SLC GATE AVAILABLE ACCURACY ±001% UTILiZIS 10-MH/ CRYSTAL b PPM 

COMPLETE KIT.»...*.SI 00 

HAL-SO A & DIGIT COUNTER WITH FREQUENCY RANCL OF ZERO TQSC Mh; OR BETTER 
AUTOMATIC DECIMAL POINT. ZERO SUPPRESSION UPON DEMAND FEATURES TWO IN 
PUTS ONI FOR LOW i RfOUS NCY INPU i AND ONE ON PAM 1 I OR USE WITH ANY INTE ft 
NALLY MOUNTED HALTN0NIX PRE SCALER FOR WHICH PROVISIONS HAVE ALRLA0Y 
BEEN MADE tOSFCANO 1 SEC TIME GATES ACCURACY ± 001% UTILIZES 10 MHj 
CRVSTAi 5 PPM 

COMPLETE KIT....... *109 

PRE-SCALER KITS 

HAL300PRE... .....SU.Sfi 

(Pre-driNed G-10 board and all components! 

HAL 300 A/PRE. ... ♦ *.. ...* 24.95 

{Same as above but with preamp} 

HAL £00 PFtE .. ..* 29,95 

(Pro-drillad G-10 board and all components! 

HAL 800 A/PftE.......* 39.95 

[Same as above cut with preamp] 

TOUCH TONE DECODER KIT 

HIGHLY S1AULE DECODER Kit CQMESWlTHZSlOtD, PLATED 1HHU ANU SQtOEU FLOWED 
G 10 PC BOARD 2-7402. AND ALL ELECTRONIC COMPONENTS BOARD M£A5 

LIRES3 1/3x5 1/2 INCHES HAS I? LINES OUT ONLY*39,95 

DELUXE 12 BUTTON TOUCHTONE ENCODER KIT utilizing Ihe new (CM 
7206 Chip. Provides both VISUAL AND AUDIO indications 1 Comes with its 
own two-lone anodized aluminum cabinet Measures only 2 3/4' * 3-3/4' 
Complete with Touch-Tone pad. board, crystal, chip and ail necessary com- 
ponenls ro Finish the kit 

PRICED AT.*....... ,..f 2 M 6 

For I hose who wish Lo mount the encoder m a hand held unit, the PC board 
measures only 9T16” x 1-3/4' This partial kil wllh PC board crystal, chip 
and componenls 

PRICED AT .'....-.-.I, . - *"1 

ACCUKEYER {KIT) THIS ACCUKEYER IS A REVISED VERSION OF THE 
VERY POPULAR WB4VVF ACCUKEYER ORIGINALLY DESCRIBED BY 
JAMES GARRETT. }N GST MAGAZINE AND THE 1975 RADIO AMATEUR S 
HANDBOOK, $10.95 

ACCUKEYER - MEMORY OPTION KIT THIS ACCUKEYER MEMORY KIT 
PROVIDES A SIMPLE, LOW COST METHOD OF ADDING MEMORY CAPA 
BIUTY TO THE WB4VVF ACCUKEYER. WHILE DESIGNED FOR DIRECT 
ATTACHMENT TOTHE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED 
TO ANY STANDARD ACCUKEYER HOAHD WITH LlTTL E DIFFICULTY 

116,95 

CLOCK KIT — HAL 79 FOUR-DIGIT SPECIAL — * 7.95 

J WjK OPERATES ON 12 VOLT AC (NOT SUPPLIED!, PROVISIONS 
FOR DC AND ALARM OPERATION 


6-DIGIT CLOCK ■ 12/24 HOUR 

COMPLETE KIT CONSISTING OP 2 PC G 10 PRE DRILLED PC BOARDS. 1 
CLOCK CHIP, 6 FND 359 READOUTS, 13 TRANSISTORS. 3 CAPS. 9 RESlS 
TORS, & DIODES. 3 PUSH BUTTON SWITCHES. POWER TRANSFORMER 
AttD INSTRUCTIONS 

DON T BE FOOLED BY PARTIAL KITS WHERE YOU HAVE TO BUY EVERY 
THING EXTRA. 

PRICED AT......... *12.05 

CLOCK CASE Aval Fable and will fit any one pi the above clock a R&gulat 
Price . *6.50 But Only *4,50 when bought with dock. 

SIX-DIGIT ALARM CLOCK KIT tor home, camper. RV, or held day uae Opor 
a1 83 on 12-vaU AC or DC, and has ns own 60Hz time base on the board 
Complete with all electronic compnnenla and I wo-piece, pr e-dr i fled PC 
boards. Board size 4' * 3' Complete with speaker and swi lobes 11 op era led 
on DC r there is nothing more to boy. * 

PRICED AT.... ...............- tit96 

'Twelve-volt AC Una cord lor ihose who wish to operale the clock from 
110-vOUAC *2-M 

SHIPPING INFORMATION - ORDERS OVER STS 00 WILL BE SKIPPED POSTED 
EXCEPT ON ITEMS WHfRF ADDITIONAL CHARGES ARE REQUEST EH (IN ORDERS I ESS 
THAN JI5 00 PLEASE INCLUDE ADDITIONAL *100 FOR HANDLING AND MAILING 
CHARGES StNDSASE FOHFHEt FLYER 

NOW AN ALUMA TOWER ' 

vt \w DISTRIBUTOR C33 


H AL-T RONIX 

P. O, BOX 1101 
SOUTHGATE, MICH. 48195 
PHONE (313) 285-1782 


HAr ^ 
HAROLD C NOWLAND 
WSZXH 
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Antenna Baiuns 


[°l Am.,»o r H>dto 


1 Kw CW, 3 Kw PEP input. 

For dipoles, Inverted Vees, 
beams, quads. 

Dependable. Takes 
temporary overloads in 
stride. 

Specify 1:1 or 4:1 ratio. 

Model IK $22.50 


2 Kw CW, 6 Kw PEP input. 
Far more rugged than any 
other balun made for 
amateur use. 

Specify1:1 or4:1 ratio. 

Model 2K $42.50 


2 Kw CW, 6 Kw PEP input 
Our heavy duty balun with 
mounting bracket for 2 " 
mast or boom. 

Specify 1:1 or 4:1 ratio. 

Beam Balun $47.50 


Only Palomar Baiuns Have All These Features 

• RF toroidal core for highest efficiency. 

• Teflon insulated wire. 

• Stainless steei hardware. Won't rust. 

• Epoxy filled case. Waterproof. 

• Wideband 1.7 to 30 MHz. 

• White case to reflect the sun. 

• Lightning protection built in. 

Free brochure sent on request 

How many lightweight baluns have you burned out 
already? Install the balun that will stay up there working 
year after year. 

To order, add $2 shipping/handling. California residents 
add sales tax. 


Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


Mure Deiaits? CHECK-OFF Page 110 
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ANTECK, Inc 


208-423-4100 

BOX 415 - ROUTE 1 

HANSEN, IDAHO 83334 



IHBij 

WVI 


As Seen at Dayton 

THE MODEL MT-1 MOBILE ANTENNA. TUNES 3.5 
to 30 MHz INCLUSIVE. 750 WATTS P.E.P. FOR 
HAM BANDS, C.A.P, MILITARY, MARS, AND 
CB. CENTER LOADED FOR HIGH EFFICIEN¬ 
CY ENABLES EXACT RESONANCE TO 
WANTED FREQUENCY. ALLOWS FULL 
OUTPUT FROM NEW SOLID STATE 
TRANSCEIVER FINALS. NO WORRY 
ABOUT REDUCED OUTPUT FROM 1 

SHUT DOWN CIRCUITS. ATTRAC- ■ 

T1VE BLUE AND GRAY FINISH, 

STURDY. SOLID CONSTRUC- H M 

TION, UNAFFECTED BY MOIS- R< 

TURE AND THE ELEMENTS. ■ 90 L 

TUNED FROM THE BASE TO 

ELIMINATE BEND OVER OR ■ NO T 

" r i™^ /~^i 

REMOVAL FROM ANTEN- / . 

NA MOUNT FOR FRE- ■ LESS T! 


/f 


Features: 


I STAINLESS STEEL WHIP 
FIBERGLASS LOADING COIL 


BASE TUNED 


LOGGING SCALE 


■ RESETTABLE TO EXACT FREQUENCY 

■ POSITIVE TUNING LOCK 

■ HEAT TREATED BERYLLIUM COPPER 
CONTACTS 

■ NO COILS TO CHANGE 

■ CORRELATION CHART FROM LOGGING 
SCALE TO FREQUENCY FURNISHED 

■ MODULAR CONSTRUCTION FOR EASY 
ROAD HAZARD REPAIR AND SERVICE 

I 90 DAY WARRANTY - FACTORY SERVICE 

NO TUNERS OR IMPEDANCE 
TRANSFORMERS REQUIRED: 50 OHMS INPUT 


QUENCY CHANGE. 
ELIMINATES TROUBLE¬ 
SOME QUICK CON¬ 
NECTORS. 

JOIN THE MOBILE 
ACTIVITY DURING 
THE UPSWING OF 
CYCLE 21 WITH A 
MOBILE ANTENNA 
THAT PROVIDES 
EASE OF OPERA¬ 
TION AND THE 
UTMOST IN J 

EFFICIENCY i 




■ LESS THAN 1.5 TO 1 VSWR - 

ANY FREQUENCY WITHIN THE TUNING RANGE. 
3.5 MHz TO 30 MHz INCLUSIVE 

Maximum length — 116 inches — al 3.5 MHz 
Minimum length — 92.5 inches — at 30 MHz: 

3/8-24 Base Mount (Standard) 

Patents applied for. 

Not an import, manufactured entirely in the U.S.A. 

Dealer Inquiries Invited PRICE - $119.95 

Contact your local dealer or order below 

i Name _____——--- 

! Address ------ 


City 

Statu 


Tot a! 

Parcel Post or UPS Shipping 
Idaho Residents Add 3% Sales Tax 


$6 00 


Master Charge or VISA 
Bank No._ 


Total Enclosed 


Expiration Date, 


V 
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amateur radio equipment survey 


When you mention public service among a group 
of Amateurs, the reaction is usually something like 
"Oh, yeah, that message handling stuff," or, "Well 
. . .'I'm a member of the Sunday Morning Pizza Par¬ 
lor Net on the local repeater, and we handled twenty 
one messages during the blizzard last winter." 

That's public service, but it's the Amateur Radio 
community performing a service for the rest of the 
world. Let's try it the other way around; how about 
some service for Amateurs for a change, especially 
for the newcomers. 

The idea is simply this: Evaluate your Amateur 
equipment and let Ham Radio Horiions know about 
it. The results will be published for all to see and heed 
(or disregard, as they see fit). 

This type of test is based upon the old truism that 
the marketplace is the final test of a product. Prob 
lems can arise when you rely just on what you hear 
only those who are grossly dissatisfied will make 
noises about it, and they may not represent a fair 
cross section of equipment in use. There may be TOO 
satisfied owners (the silent majority) for every ham 
who thinks he got a lemon (and he may have very 
valid reasons for thinking so). 

That's why we would like to hear from everyone 
who has a rig of the types indicated on the Owner 
Report form: This month, we're looking for evalua¬ 
tions of the Atlas 21 OX 215X, the Drake Twins T4X 
C/R4C, or the Kenwood TS-820. In coming months, 
well be requesting reports on other pop¬ 
ular rigs. 

To make the processing of responses a manage¬ 
able job, it was necessary for us to design the Owner 
Report as a questionnaire. Obviously, to allow some¬ 
one to ramble on for page after page about his pet nr 
his "lemon" would present an impossible problem in 
evaluating the reports and sifting the data. The Ham 
Radio Horiions staff has carefully considered the 
type and number of questions we would like you to 
answer, and we believe they will provide valuable 
feedback. This information will serve as a guideline 
to new Amateurs who want to know what kind of rig 
they should consider, what they should expect of it, 
and what to avoid. It will also provide equipment 
manufacturers and designers with some useful 


guidelines for the engineering of new gear, or for cor 
recting major problems (if any) in equipment they 
now have in the hands of Amateurs. The end result 
should be better service to all Amateurs. We ll all be 
winners. 

guidelines 

It should take you only a few minutes to fill out the 
Report Form on the next two pages. Most answers 
can be a simple yes or no, or an X or a check mark. In 
some cases, comments are asked for. Don't be afraid 
to say what you really think about the point in ques¬ 
tion. Was the dealer uncooperative? Did it take too 





long to obtain a part needed for service? Was the 
equipment damaged in shipment? Was the sale pro 
motion or the advertisement misleading? Say so. 
Don't worry - if you indicate that you don't want 
your name used, we will honor that request. WeTe 
not out to "get" anyone, nor are we out to let 
anyone off easy. As a line in an old TV show used to 
go . . , "Just the facts, sir," (or Ma'am, as the case 
may be). 

We're looking for Owner's reports, please; if 
you've listened to a buddy praise or grumble about 
his rig, talk him into filling out the report. A club sta¬ 
tion? Well — okay, we'll accept your report based on 
your use of it. 

Note that we're asking about three rigs on the first 
Report. Just indicate which of the three you're talk 
ing about in your response, and we'll sort them out. 

By Thomas McMullen, W1SL, Managing 
Editor, Ham Radio Horizons 
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Our published report witl be on one rig at a time. Im¬ 
portant: If you have mare than one rig of the type 
you're talking about, or if you own (or have owned) 
one or more of the other brands and models indi¬ 
cated, send us an addressed, stamped envelope and 
well rush extra forms right back to you. 

Note the optional personal data section, item 26, 
on the second page. You don't have to fill in every 
line — you can leave them all blank if you wish, We 
have no desire to get you in trouble with your friendly 
local dealer if you feet that might be a problem. How- 
ever, if you wish to "stand up and be counted/ then 
fill in the name and address portion, and sign the 
form. We may, or we may not, publish portions of 
your comments, depending upon space available. 

As the saying goes, this can be a fun thing. How 
ever, it also has its serious side. If there are outstand¬ 
ing problems in the rigs we depend upon, here's the 
chance to call them to the attention of the people 
who make and sell {and service) Amateur equipment. 
If your rig has always lived up to your expectations, 
and you couldn't ask for anything better that’s a 
great recommendation to new Amateurs, and a pat 
on the back for the engineers who designed the tiling 
in the first place. 

deadline 

Note the cutoff date for getting your comments 
back to Ham Radio Horizons August 31. It will 



take quite a bit of time to evaluate and arrange the 
responses, which means you’ll see the results (on 
one of the three rigs) later this year. Results for each 
type of equipment will be published in separate 
issues. Note that there is a space on the form for you 
to tell us what rig(s) you would like to see reported 
on in the future. We have several in mind, but your 
voice counts, too. If you don't have a rig of the type 
named, send us a postcard with your choice of 
equipment to be reviewed. 

Obviously, a very new model would not get a fair 
shake until enough of them are out in the field to 
obtain a meaningful number of comments, "his will 
all work out well, though - by the time we have 
gathered and published results on the rigs that have 
been around a while, the newer ones will have been 
used and evaluated by more hams. Keep watching 
the pages of Ham Radio Horizons for Report Forms. 

An important point must be made here: This is not 
a comparison. We're not comparing any make or 



model with any other make or mode). The Report 
Form No. 1 concerns the Kenwood TS-820, the 
Drake C line, or the Atlas 210X/215X. We'll publish 
results of each one separately. Future reports will 
cover equipment by Yaesu, Ten-Tec, Swan, Alda, 
Heath, and loom, as well as other models by Drake, 
Kenwood, and Atlas. All popular equipment will have 
its day in the sun. 

Ham radio readers please note — the results will be 
published only in Ham Radio Horizons ; an announce¬ 
ment will be made in ham radio to let you know 
which issue of Horizons to look for. 

We're looking forward to some interesting results 
and comments. There may well be some pleasant 
surprises in store, as well as some that are not so 
pleasant. That's fine, and, to borrow a modern 
cliche, the bottom line tells it all: Would you buy this 
rig again? 

Fill in the Report Form, and mail it in right away to 
Ham Radio Horizons , Owner's Report No. 1, Green 
vilie, NH 03048, 

ham radio 
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Owner Report on Amateur Radio Equipment 

(Fill out this form in accordance with your experience. Piease type or print clearly.) 

1. Make and Model (circle one only) Atlas 21 OX/215X Drake Twins T4XC/R4C Kenwood TS-820 


2. What year did you buy it?_ 

3. Where did you buy it? Dealer_ 

800 Number 


New? 


Used? 


Mail Order. 


Individual 


Flea Market 


Other. 


4. Would you buy from the same source again?. 


5. Amount of use: 

6. Is this your primary. 


Daily. 


_Often. 

or backup_ 


Occasional. 


Seldom. 


.rig? 


7. What modes have you used? CW. 

Other_ 

8. What is the rig’s best feature? _ 


SSB. 


RTTY. 


SSTV. 


AM. 



9. Why? 



10. Worst feature? 



12. Have you had any problems?. 


Explain 



13. Have you had the rig serviced?. 


Where? Manufacturer. 


Dealer. 


Other 


14. Was the service satisfactory? Yes_No_ 

15. What accessories have you purchased for this rig? _ 

16. Have you been able to obtain all the accessories and parts you need? 
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17. Have you been satisfied with these accessories? Yes. 

18. If not, why?_ 


19. Accessories you would like for this rig 



20. Additional features you would like to see in a rig of this type 



21. Give the equipment a score from 1 to 10 (with 1 being poorest, 5 average, and 10 excellent). 


Ease of operation _ 

Reliability_ 

Durability 

(in continuous use)_ 

Instruction Book _ 

Dealer Service _ 

Quality of Workmanship 


Performance_ 

Maintenance_ 

Parts Availability _ 

Accessories 
(ease of connection) 

Price_ 

Flexibility_ 


22. How long have you been licensed?. 
Principal activities: Contest_ 


Your Age. 


License Class 


Rag Chewing. 


Experimenter. 


Traffic Handling_Experin 

23. What antenna do you use most? Beam_Wire. 

24. What rig would you like to see reported on in the future? 

25. Would you buy this same rig again? _ 

26. (Optional: fill in the following only if you wish.) 

Submitted by: Name_ 

Address_-_ 

City___ 


Other 


Call. 


State. 


Zip. 


(Signature)' 

(Your signature authorizes Ham Radio Horizons to 
quote portions of your comments in our report.) May we 
use your name and/or call? 

Yes_ No_ 

Note: If you own more than one of the rigs indicated, please write to us for additional copies 

of this form. Use a separate form for a report on each rig. 


Completed survey forms must be returned no later than August 31,1979, to be included in our report. 
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INTERNATIONAL CRYSTALS 70 KHz to 160 MHz 



CRYSTAL TYPES 

(GP) for "General Purpose" applications 
(CS) for "Commercial" equipment 
(HA) for "High Accuracy" close temperature 
tolerance requirements 

International Crystals are available from 70 
KHz to 160 MHz in a wide variety of holders. 

WRITE FOR INFORMATION 


International 

Crystal Manufacturing Co., Inc. 
guarantees 

every crystal against defective 
materials and workmanship for 
an unlimited time, when used in 
equipment for which they were 
specifically made. 
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HC-17/U 
T max 


r.lui 



f 


51 Q 


2bO 

A 


*j|’“ tHO dm 
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F-13 


^—-.721 -► 





HC-13'U 


DBEnJ 

INTERNATIONAL CRYSTAL MFG. CO , INC. 

10 North Lvc Oklahoma Cily Ok la 73102 















NEW! 


Larsen KulrocT 
Amateur Antenna 
Catalog 


Twelve pages 


packed with per 


formance-proven 


Larsen Kulrod 


antennas and a 


variety of mounts for 


mobile, portable and 


base station two 


■ way communications. 
* Models for the 

complete range of 
amateur frequencies in 
tow, high and UHF bands. 

Write for your 
tree copy today. 


rsen Antennas 


11611 N.ESOlhAve 
P.O Box 1686 


in Canada write 
Uml 101 


NEW 

FROM CLB 


A complete line of QUALITY 50 
thru 450 MHz TRANSMITTER 
AND RECEIVER KITS. Only two 
boards for a complete receiver. 
4 pole crystal filter is stan¬ 
dard. Use with our CHAN 
NELIZER or your crystais. 
Priced from $69.95. Matching 
transmitter strips. Easy con¬ 
struction, clean spectrum, TWO 
WATTS output, unsurpassed 
audio quality and built in TONE 
PAD INTERFACE . Priced from 
$29.95* 

SYNTHESIZER KITS from 50 to 
450 MHz. Prices start at $1t9.95. 

Now available in KIT FORM - 
GLB Model 200 MINI-SIZER. 

Fits any HT. Only 3.5 mA current 
drain* Kit price $159*95 Wired 
and tested. $239.95 


Vancou v© r. WA 98663 2B3 E t11 h Ave 

Phone: 206/573-2722 Vancouver. 6 C V5T 2C4 

Phone: 604/072*8517 


Send for FREE 16 page catalog. 

We welcome Mastercharge or VISA 



JAN 

CRYSTALS 

KEEP 
YOU ON 
THE AIR 

* CB 

* cb standard 

* 2 meter 
Scanners 

Amateur Bands 

* General 
Communication 

* industry 

* Marine VHF 

* Microprocessor 
crystals 

Sen tj ifr tor our JHKt CJfJfog 
mtfr of pnonr fui lit f.nli 

Jon Crystals 
2400 Crystal Drive 
Ft Myers Florida 53907 
all phones IB131 956 2397 


Repeater Jammers Running You Ragged? 


Here's a portable direction finder 
that REALLY works-on AM, 
PM. pulsed signals and random 
noise! Unique left right DF 
allows you to take accurate (up 
to T) and fast bearings, even on 
short bursts. Its 3dB antenna 
gain and .06pV lypical DF sen 
sitivky allow this crystal- 
controlled unit to hear and posi 
lively track a weak signal at very 
long ranges—while the built in 
RF gain control with 120 dB 
range permits positive DF to 
within a few feet of the transmit 
ter It has no 180 ambiguity 
and the antenna can he rotated 
for horizontal polarization. 


The DF is battery powered, can be used with accessory antennas, and is 12 24V lor 
use in vehicles or aircraft. It is available in the 140-150 MHz VHF hand and/or 
220 230 MHz UHF band. This DF has been successful in locating malicious inter¬ 
ference sources, as well as hidden transmitters in #J T-hunts", ELTs, and noise sources 
in R F l Situations, 

Price for the single band unit is $195, tor the VHF/UHF dual band unii is $235, plus 
crystals Write or call for information and free brochure 


W6GUX 


L-TRONICS 

5546 Cathedral Daks Road 
(Attention Ham Dept.) 
Santa Barbara, CA 93111 


WD6ESW 


■ KuireHmaRftyfM&fedtrcKjL-maikaf LarsenElectronics Inc 


GLB ELECTRONICS 

1952 Clinton SI., Buffalo, N. Y. 14206 
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CALL TOLL FREE 


for Quality Ham Radio Products at Discount Prices 


YAESU 

DENTRON 

TAYLOR 

KENWOOD 

HY GAIN 

SWAN 

DRAKE 

MOSLEY 

TEMPO 

ICOM 

CUSHCRAET 

TEN TEC 

STANDARD 

WILSON 

MIDLAND 

EDGECOM 

HUSTLER 

CDE 

KDK 

L4RSEN 

AUTEK 

PANASONIC 

BENCHER 

MIRAGE 


ROBOT 

AEA 


E.T.O, ALPHA 

VHF ENGINEERING 

BERK TEK CABLE 

CONSOLIDATED TOWER 

SAY 

SHURE 

TELEX 

ROBOT-SSTV 

BENCHER 


Our Mail Order Hours (CST) 

M F 8 am to 12 Midnight 
Saturday 8 am to 6 pm 
Sunday 12 Noon to 8 am 


Don 

Denny 

Bill 

Joe 

Jim 


Call and Talk to 


WB0YEZ 
VV0QR 
WB0YHJ 
WA0 W R I 
KA0CRK 


Ken 

Eli 

John 

Blaine 

Bob 


WD0EMR 

KA0CEJ 

WB0MTS 

WB0QLH 

WB0RQZ 


BankAmericaho. 


Communications Center 

443 N. 48th, Lincoln, Nebraska 68504 In Nebraska Call (402)466-8402 


FREE 


Hy-Gain 3806 


2-Meter Hand-Held Amateur Transceiver 


SPECIALLY PRICED 


ONLY 


* Low coal, 6-channel hand-held pro vide a superb 
voice trani mission over short lo medium distance! 

* Sharply tuned on*lrequency selectivity In Ihe RF 
amplifier stages plu> FETi In the 1 at and 2nd ml vert 
for virtual Immunity lo out-of-band sign aft 
Intermodular lan dl a tort Inn and crota-modulation 

* Separate microphone and speaker el amenta for 
enhanced audio 

Acceatorlii: Model No, 

3607 
~ 1 104 
1 106 
nor 

1 IQ3 

I MIC 

Mil 


* Inter nelly adjustable mlc preamp—a Hy-Gim 
en elusive 

* Specialty gaikeled caia teals out water, dlrf arid 
corrosive telf elf 

* Wale high I. htghlmpaet AB$ pfaillc case ribbed 
for non-alip grip 

* Top-mounted con H o'* for In at an I access 


Description 

Nicad SjUinry Park _ 

T ogcti T une Pad _ 

AC Bnllrry Ch.Hgor 
Ciflarelle Lighter Aij c 
Afiiorma Aaapldf l.j»rd 
C i y h"hj C -3 Iti m It n,‘f j 
CnuyvHi Casr l^myll 
Hubbor Duck Anit?nna 
C * v "iLii Cen if it ales 


JjiRjr Q i juJ 


Price 

"S44~9h~ 

1 gas 
1 996 
f g gs 

$17 85 
|_|i gs_ 
i f» BS 

5 195 


PL LA SC CMC LOSE II. M FOP SHIPPING! AMO HAACUNO Pt* UNIT 


Mote Details? CHECK OFF Page 110 
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a very simple synthesizer system 


scheme would drive it further down 
until the even count 29.9998 MHz 
came up. The 1 bit would change and 
the circuit would hover between 
29.9998 and 29.9999 MHz. We could 
therefore lock onto any frequency in 
200-Hz increments. If we invert the 1 
bit before applying it to the lowpass 
filter, we can lock onto all the in- 
between 100-Hz points by taking the 
even-odd transition for lock instead 
of the odd-even. A block diagram of 
the scheme is shown in fig. 1. A 
slightly more elaborate diagram of the 
scheme used in our receiver is shown 


Some time ago my wife, Barbara, 
and I built a general-coverage receiv¬ 
er with a digital frequency readout. 
The local oscillator is a free-running 
MC1648, tuned by a variable capaci¬ 
tor with a small varactor for band- 
spread. Since the i-f is 10.7 MHz, the 
local oscillator tunes 13.7-40.7 MHz 
for the 3-30 MHz receiver range. The 
stability of this oscillator was ade¬ 
quate for normal operation, but when 
the receiver was left tuned to 30.0000 
MHz for 24 hours the thermal varia¬ 
tions in a normal room caused a slow 
frequency drift of about +1.5 kHz. 
This was most annoying. Wedreamed 
of a synthesized local oscillator to al¬ 
leviate this problem. Unfortunately all 
the synthesizers looked complicated 
and our small chassis was already 
pretty crowded, so for a long time we 
did without. 


Finally, I realized that a very simple in fig. 2, and a complete schematic, 
approach could be taken, which I il- except for the frequency counter, is 
lustrate by the following example. shown in fig. 3. 

If I tune my receiver to 30.0000 Actually, the most important part is 
MHz and it begins to drift up in fre- the use of the op amp U4B to perform 
quency to 30.0001 MHz, all I have to the frequency lock. Although I show 
do is sense this small change and a free-run position, I never really use 
apply it through the varactor to drive it anymore. The receiver just smooth- 



Recently, MacKeand 1 published a 
simple frequency-lock-loop circuit 
that reminded me of an earlier, more 
complex, circuit by Ryder 2 . Study of 
the short article by DeLaGrange 3 
gave us a good insight into the theory 
of frequency-locked loops but no 
practical circuit for this application. 



fig. 1. Basic frequency-locked-loop system. 


fig. 2. Frequency-locked local oscillator block diagram. 


the frequency down. When it's driven 
down until the frequency counter 
reads 30.0000 MHz again, I can start 
forcing it back up again, hovering 
about the transition between 30.0000 
and 30.0001 MHz. This could be ac¬ 
complished simply by sensing the 1 
bit of the latch on the least-significant 
bit of the frequency counter and ap¬ 
plying it to the varactor through a 
lowpass filter. Then any odd LSB sig¬ 
nal will drive the frequency slowly 
down, and an even count will drive it 
slowly back up. 

What if the frequency were initially 
drifting down? When the counter 
reached 29.9999 MHz, the feedback 


ly steadies itself on the nearest stable 
transition and otherwise behaves ex¬ 
actly as it did before we added the U4 
circuit. 

I'd like to emphasize that this 
scheme can be applied to any receiv¬ 
er with a digital frequency counter so 
long as it has a latched output, which 
I think all of them do. No special indi¬ 
cators of lock are needed, because 
proper operation is indicated by the 
receiver's slowly changing between 
30.0001 and 30.0000 MHz — or what¬ 
ever other frequency is selected. The 
actual frequency drift is only on the 
order of ± 10 Hz, and it is so slow 
that I can't detect it by ear. All the ICs 
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fig. 3. Frequency-locked-loop schematic. 


in the loop are available from Motor¬ 
ola Semiconductor, Phoenix, Arizona. 

references 

1. C. MacKeand, WA3ZKZ, "Frequency Lock Loop," 
ham radio, August, 1978, page 17. 

2. W. Ryder, W6URH, "High Performance General 
Coverage Communications Receiver," ham radio , 
November, 1977, page 10. 

3. Dr. Arthur D. DeLaGrange, "Lock onto Frequen¬ 
cy," Electronic Design, June 21, 1977. 

Pat O'Neil, AA7M, and 
Barbara O'Neil 
Motorola Semiconductor, Inc. 

Heath HW-101 sidetone 
control 

I'm basically a night owl. If you're 
like me, you find many a late-night 
CW ragchew interrupted by friend 
wife complaining of "that loud beep¬ 
ing." I finally decided to correct the 
situation on my HW-101 by adding a 
sidetone volume control. Extra front- 
panel controls on radios tend to look 
somewhat tacky, so I decided that 
the addition must not be con¬ 
spicuous. 

After some pondering, I decided on 
a concentric af gain control as the so¬ 
lution. Heathkit provided the lever 
knob and knob insert. All that was 
needed was a switched dual control. 

A call to the local parts distributor 
proved informative. They carried 
Clarostat controls in modular form; 
custom dual controls were no prob¬ 
lem. The inside shaft would hold the 
original af gain-control knob; the rear 
pot, therefore, must be a 1-megohm 


replacement for the present control. 
(Don't forget the switch.) 

I decided to control the sidetone by 
replacing R318 (100 kilohms) in the 
audio amplifier circuit with the front 
control in the dual assembly. Then, 
by connecting C311 to the wiper of 
the sidetone control, the amount of 
sidetone injected into the af cir¬ 
cuit could be controlled. Hookup is 
straight-forward; I suggest, however, 
you use shielded cable for the inter¬ 
connections. 

The modification looked good, pro¬ 
vided no surprises, and best of all — 
works great! 

J. K. Davis, AD9M 

XR-205 waveform 
generator as a 
capacitance meter 

A 205 chip, a counter, and a calcu¬ 
lator provide a means of measuring 
capacitance to within 1 or 2 per cent. 
The frequency is determined by a ca¬ 
pacitance connected across pins 14 
and 15 of the chip. C times F is a con¬ 
stant, k, with C in microfarads and F 
in Hz. This constant is truly constant 
over a very wide frequency range. 
The specification sheet gives this 
constant as 400, but I find it to be 260 
with my generator, so this is appar¬ 
ently a nominal value. 

I use a compression trimmer of 
about 200-1500 pF, permanently 
wired across pins 14 and 15, with par¬ 


allel binding posts and short clip leads 
for connecting additional capaci¬ 
tance. The trimmer tunes across the 
i-f range. 

I was fortunate in having several 1 
per cent capacitors as standards, but 
only one is required. The first step is 
to determine the capacitance of the 
trimmer plus strays, C tr , at a known 
frequency, after which the constant, 
k, may be determined from 

k = FC tr (1) 


The procedure for determining C tr , 
the trimmer capacitance, is as follows: 

Set the trimmer to about mid range 
and note the frequency, Fj. Connect 
a known capacitor and note the new 
frequency, F z . Divide F 2 by Fj and 
call this quotient/. Now calculate C tr 
from the following formula: 



where C tT = trimmer plus stray 

capacitance (^tF) 


C 5 = standard or known 
capacitance (/aF) 


/= F 2 Fi(Hz) 


Now calculate k from k = F 1 C tr . 
Save Fj for measuring unknown ca¬ 
pacitors. 

The measurement procedure, after 
k and C tr have been determined, is to 
first set the frequency to F 2 with the 
trimmer capacitor. Connect the un¬ 
known capacitor and measure F z . 
Divide k by F z and subtract 


Ctr Cunknown (Ctt)- 


C u — c tr (3) 


As before, C is in /aF, F in Hz. These 
calculations would be difficult with¬ 
out a pocket calculator but are easy 
with one. Assuming the trimmer, C tr , 
is 300 pF, with 75 pF in parallel, k/F 2 
would come out 0.000375 ... on the 
calculator. 

A half-dozen 1 per cent capacitors, 
from a few pF to 0.1 fiF, were 
measured within 1 per cent of the 
nominal value. Indications are that 
the accuracy holds up to several hun¬ 
dred /aF. EXAR-205 chips available 
from JAMECO. 

W. S. Skeen, W6WR 
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INTEGRATED CIRCUITS MICROPROCESSOR LED'S SOCKETS CAPACITORS DIODES TRANSISTORS RESISTORS POTENTIOMETERS 


One-Stop Component 
and Kit Center 


JE600 


Encoder Kil 

FULL 8 BIT LATCHED OUTPUT 


19 KEY BOARD 

The JE600 Encoder Keyboard provides two separate hexadecimal dibits 
produced from sequential key entries to allow direct programming for 
8 bit microprocessor or 8 bit memory circuits. Three (3) additional keys 
are provided for user operations with one having a bistable output avail' 
able. The outputs are latched and monitored with 9 LED readouts. Also 
included is a key entry strobe. 

FEATURES: 

— • Full 8 bit latched output 

for microprocessor use 

• 3 User Define keys with one 
being bistable operation 

• Debounce circuit provided 
for all 19 keys 

• 9 LED readouts to verify 
entries 

• Easy interfacing with standard 
16 pin 1C connector 

• Only +5VDC required for 
operations 
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ASK YOUR ELECTRONICS STORE TO STOCK JIM-PAK® TODAY!! 

JIM-PAK® • 1021 HOWARD AVENUE, SAN CARLOS, CALI FORNIA 94070 • (415)592 8097 
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DSI Super Meter 

Transistor Tester — VOM 

Diode Protected • Fused • Gold Plated Selector Switch 



DC VOLTAGE 
DC CURRENT 
AC VOLTAGE 
II RESISTANCE 
AF OUTPUT — DB 
20kII PER VOLT 
HFE DC AMP FACTOR 
ICEO LEAKAGE 


^ M MODEL 
COMPARATIVE VALUE 49 9 - ! 


YF-370.*29.95 

Shipping, Handling and ins,.. ‘3.00 


Every YF-370 is factory assembled, tested, and 
includes diode protected meter movement with 


a fused input and an extra fuse. The switch assemi 


bly has double wiping gold plated contacts to 


SPECIFICATIONS 


assure years of trouble-free service. At this low 


1 

Measurement Ranges 

Accuracy 

DCV 

0- ,1V- ,5V - 2.5V- 
10V- 50V - 250V- 1000V 

±3% fs 

ACV 

0* 10V- 50V- 250V- 
1000V 30Hz to 30kHz 

± 4% t$ 

F5£a 

0 - 50*jA - 2.5ma - 25ma 
- ,25A 

+ 3% Is 

n 

2 to 20 m n 

Rangex1x lOx tkx 10 fc 

± 3% arc 

dB 

+ I0db- *22dbfor 10VAC 

± 4 % is 

(CEO 

0 - 150^i A x tk 0 - 15ma 
xtO 0 * 150m x t 

± 3% arc 

P 

HFE 

0 - 1000 @x 10 - 7 - 

In 

t 3% arc 


price buy two.,.one for the car and one for the shop. 



VISA' 



(800—542-6253) 


(800-854-2049) 


TERMS: MC — VISA AE - Check - MO - COD in US Funds 
Orders outside of USA & Can a da H please add S5.00 additional to cover 
air shipment California residents add 6% Sales Tax, 

DSI INSTRUMENTS, INC. 

7924 Ronson Road, Dept. G, San Diego. CA 92111 











products 


For literature on any of the new 
products, use our Check-Off 
service on page 110, 


FT-101ZD transceiver 



Yaesu Electronics Corporation of 
Paramount, California, is pleased to 
announce the introduction of the FT- 
101 ZD transceiver. The FT-101 ZD is 
all new in design and offers many of 
the features of the internationally 
acclaimed FT-901DM. 

The FT-101ZD i-f is a no-compro’ 
mise high frequency SSB/CW trans¬ 
ceiver which offers variable band¬ 
width of 2.4 kHz to 300 Hz, digital 
plus analog display, a built-in rf 
speech processor, built-in ac power 
supply, a new highly effective noise 
blanker, rugged 6I46B final tubes, ali- 
band coverage 160-10 meters, WWV ( 
plus WARC band expandability, and a 
true frequency counter (no more re- 
calibrating when changing modes). 
Additionally, the FT-101ZD is com¬ 
patible with all of the FT-9Q1DM ac¬ 
cessories. The FT-101 ZD is now avail¬ 
able from your local Yaesu dealer, 

Hy-Gain model TH5DX 
antenna 

Hy Gain Electronics, division of 
Telex Communications, Inc., intro¬ 


duces the newest member of the 
famous Thunderbird line of triband 
antennas. The TH5DX offers out¬ 
standing performance on 20, 15, and 
10 meters. It features five elements 
on an 18-foot boom, with three active 
elements on 15 and 20 meters and 
four active elements on 10 meters. 
The TH5DX also uses separate air 
dielectric Hy-0 traps for each band. 
This allows the TH5DX to be set for 
the maximum front-to-back ratio, and 
the minimum beam width possible for 
a triband antenna of this size. 

Also standard on this antenna are 
Hy-Gain's unique beta-match, rug¬ 
ged boom-to-mast bracket, taper- 
swaged elements, and improved ele¬ 
ment-compression clamps. 

Contact your nearby Hy-Gain deal¬ 
er, or write to Hy Gain Electronics, 
Division of Telex Industries, 8601 
Northeast Highway 6, Lincoln, Ne¬ 
braska 68505. 

boom microphone 

Shure Brothers Inc. has announced 
a new lightweight, head-worn micro¬ 
phone with dual monitoring capability 
for use in a variety of studio and 
remote professional broadcasting ap¬ 
plications. 



The new Shure SMI4 consists of a 
headband, unidirectional dynamic mi 
crophone, and two integral earphone 
assemblies to permit the monitoring 
of separate sound sources. Each of 
the twin earphone assemblies has its 
own transformer and phone plug. 

The $M14's dual monitoring fea¬ 
ture provides several distinctive ad¬ 


vantages over a single-earphone sys 
tem. Besides enabling the user to 
monitor two separate sound sources, 
such as program material and studio 
directions, the double receiver sys¬ 
tem helps prevent background noise 
interference. In addition, having two 
monitoring systems provides a reli 
able back-up should one system fail. 

The SM14 is a low-impedance mi¬ 
crophone, allowing extra-long lengths 
of microphone cable to be used. To 
prevent the microphone wires from 
getting in the way, the SM14 is 
equipped with a snap on connector 
that fastens to the user's belt or shirt. 

The complete unit is constructed of 
stainless steel, aluminum, and high 
impact thermoplastic, ft is mounted 
on a lightweight, cushioned head 
band and features an adjustment 
knob to permit the boom to extend or 
pivot to fit any head. For additional 
information, write Shure Brothers 
Inc., 222 Hartrey Avenue, Evanston, 
Illinois 60204. 

TRS-80 microcomputer 
technical reference 
handbook 

Radio Shack has published a tech’ 
ntcal reference handbook for their 
TRS 80 microcomputer system. The 
illustrated 108-page book is intended 
primarily for technically oriented per¬ 
sons with a good working knowledge 
of digital logic circuits. 

Written in a clear, informal man¬ 
ner, the TRS-80 Microcomputer 
Technical Reference Handbook in¬ 
cludes technical information and 
schematics for both Level I and 
Level !I TRS 80 systems. 

Topics covered are theory of oper¬ 
ation, adjustments and troubleshoot¬ 
ing, the outside world (connections 
to external devices), parts list, and 
foldout schematics. 

The TRS-80 Microcomputer Tech¬ 
nical Reference Handbook is priced at 
$9.95. The 22 x 28 cm <8 ft x 11 
inch) softbound book is available 
from participating Radio Shack stores 
and dealers worldwide. 
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MECHANICAL & ELECTRICAL ENGINEERS 


THERE’S A LOT TO BE SAID 
FOR CAREER STABILITY... 
AND WE’RE SAYING IT 
LOUD AND CLEAR 

We're General Electric Mobile Radio We produce a broad range of sophisticated, 
high-quality VHF/UHF Iwo-way radio systems—fixed station as well as mobile. 

Our customers m business and industry, and especially in the public sector 
(police, fire and ambulance services, for example) ... depend on us tor ihe most 
advanced land mobile communications systems they can buy. On a continuing 
basis. So neither our business nor your career is at the mercy of a single contract. 

We continue to design, build and sell the finest systems and equipment available. 
And our engineers continue to do work that is personally and professionally 
satisfying—making valuable contributions to a wide variety of on-going 
development programs, 

That said, we have openings for creative self-starters with an appropriate degree 
and experience in one or more of the following areas: 


RF CIRCUIT DESIGN 

Experience in the design of small signal 
and high power, broadband circuits up 
to 1 GHz, Applications include circuits 
for transmitters, receivers, and 
synthesizers, 

MICROCOMPUTERS 

Hardware and software design of 
microprocessor-based circuits. 
Experience with one of the popular 
micro-processor families is desirable, 

ADVANCED ENGINEERING 

MS degree desirable. Must be creative 
and imaginative in developing new 
approaches to communication circuits 
and systems, 

MICROCIRCUITS DEVELOPMENT 

Entry level and experienced people 
required in all phases of the hybrid 
technology, with emphasis on thick film. 


LOGIC/SIGNALLING 
CIRCUIT DESIGN 

Analog and digital circuit design for 
control, signal processing, ana selective 
signalling. Applications include the 
control of rf devices, telephone interface 
terminal equipment, and various tone 
control devices, 

ADVANCED MANUFACTURING 
ENGINEERING 

Develop product cost and manufacturing 
automation projects for all product lines. 
Interface with product design groups 
to maximize automation potential 
of new designs, 

CONSULTING ENGINEER 

Requires Ph D. degree. Must be able 
to provide a high degree of technological 
leadership in computer-aided design, 
circuit synthesis and analysis, and 
in communication theory. 


We offer excellent technical facilities, challenging assignments, talented and 
experienced colleagues, and ample opportunities for growth and advancement 
Plus peace of mind Plus choice living in progressive Lynchburg (just ihe right size 
at 70,000) at the foothills of Virginia s beautiful Blue Ridge Mountains, 

For full details, send your resume and salary history to: Professional Relations, 

Ref. 9fl'F , General Electric. Mountain View Road, Lynchburg, VA 24502 


GENERAL 


An Equal Opportunity Employer M/F 



ELECTRIC 


More Details? CHECK - OFF Page 110 
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20-papa, lull cotor Atlia 


THE MAH BEHIND 
THE TOWER 

His nome is folklore in 
the rower industry One 
of Ttie giants of tower 
design Maybe you 
recognize him He's 
Lou Trisfoo. We asked 
him fo design the TM2 
471 for Tower Master 
We like what he s come 
up with You will, too. 


Here’s an otter you can’t refuse! You 
receive three, information-packed. Ama¬ 
teur Callbook maps, folded, plus the 
World Atlas for only $3,75 plus $1.50 
shipping and handling. If purchased 
separately, total value of map/atlas after 
would be $6,25, plus shipping. You save 
$2,50 and get these invaluable radio 
amateur aids! 

1, Prefix Map of the World, folded. 

World wide prefixes. Shows 40-zone 
map on one side, 90-zone map on the 
other. Size 40'’x 28' 

2 , Map of North America, folded 
Includes Central America and Carib¬ 
bean to the Equator. Shows call 
areas, zone boundaries,prefixes,etc. 
Size 30 * x 25’ 

3, Great Circle Chart of World, folded 
Centered on 40°N, 100° W. Shows 
cities, latitude, longitude, great circle 
bearings and more! Size 30 * x 25 * 

Plus special FREE bonus! 

The Callbook’s own Radio Amateur 
World Atlas, FREE with the purchase of 
ihe 3 maps. Contains eleven full color 
maps of the world, looking at things from 
the radio amateurs point of view, 


Callbook Map Library 
Shipping 


Total 


S3 75 
SI SO 

S5.2S 


Emblem Patch 
only $2.50 prepaid 


Pegasus on blue TiekL. red fettering 3' wide x 
3' high Greal on jackets and taps Sorry, no tall 

lanefs ORDER TODAY! 


Order from your favorite electronics dealer or direct from |tw 
publisher All direct prdeiv add |1 bOioi shipping Illinois 
residents add Sales Tax 


RADIO AMATEUR 

ca 


Idook INC. 

DEPT, F 

925 Sherwood Drive 
Lake Bluff, IL 60044 


July 1979 


More Details? CHECK-OFF Page 110 


THE TOWER 
OF THE YEAR. 

WE GOT IT. 


W000LAKE INDUSTRIAL PARK 

353 SOUTH ACACIA STREET 

P O BOX 566, WOODLAKE, CALIFORNIA 93286 

209/564-2483 Day 209/733-2438 Night 


That's why we call the increasingly 
popular TMZ-471 the tower of the year! We are 
convinced it really is. You will be, too. Just 
write — or coll — Tower Master today. Lou may 
answer the phone. Do it now. 

Or, see your dealer today. 


FREE! 

RADIO AMATEURS 

WORLD ATLAS 

with purchase of famous 

CALLBOOK 

MAP LIBRARY! 


Tower Master's new self-supporting, crank-up 
TMZ-471 is the tower of the year. 

It's taller. 

It's bigger. 

It's stronger. 

It's one of an all new line of hot-dipped 
galvanized steel towers mode expressly for 
HAM Operators now available from Tower 
Master. Made to meet the demanding re¬ 
quirements of today's modern equipment. 
AndifyouTeaHAM, you know what we mean. 

Like Tower Master's TMZ-HD-554 and 
-571, with top section OD's of 15 inches to 
easily accommodate the new "Tail Twister" 
CDE rotor. 

Or try the TMM-HD-554 and -571 series 
from Tower Master, with top section OD's of 
14-3/4 inches. These freestanding crank-ups 
will also hold the “Tail Twister." 




























































Mode! 375 

$19.75 


*17. I J 

Model 550A 

*17.50 




Model 595 

$21.50 


* J) 

- < / Model 592 


SI 7.75 


M 

ANTENNA : 7, l 

CHANGEOVEK J . ii. 

HI-LAV Auium-ilu J r~ 

LijwTiiMiiTi VOX orcuiL * & 

PTT of M7Ltnu.il T R s ^ 

suvitth I (XXI waits CW 
(2DW> watr* SSBh48 130 

vuUs AC 

Model 377 $22.50 

Others available; 


Model 

Outputs 

O inner tor 

Price 

550A-2 

2 

Radial 

$14 95 

551A 

2 

Radial 

$17 95 

590 

5 

Axial 

$18 50 

590< i 

5 

Axial 

$18.50 

556 

Bracket, 

wall mo li ill 

$ 95 


Pna‘\ suhfcc f Ur s htjntjr uHholi/ r 

NOW IN STOCK □ Transmitting 
Variables □ Roller Indue lors n Counter 
[foils M Air Wound Coils □ Couplings 
U Knobs O Receiving Variables □ Toroids 
O R,F Chokes □ Coil Forms □ And 
much more from names like ■ Millen 

* F.F Johnson * Barker & Williamson 

* J.W, Miller * Hammarlgnd 

For KUSH ORDERS Call 

( 603 ) 673-7724 

Add $2.00 per order lu cover 
shipping Si handling charges 


SEND 2r> CENTS IOR 


NEWEST CA I Al.uCi 

UShikhouwi - Co. 


tO NEweURV DRIVE * VUE PST N K 0303 1 


erc promises up to the minute state-of-the-art design and performance 

WE’VE DONE IT FOR 1979 

FOUR SIMULTANEOUS FILTERS IN ONE FOR UNPARALLELED QRM FREE RECEPTION (SSB & CW) 

‘PLUS A SPECIAL PATENTED CW PROCESSOR* 

I THE BRAND NEW SL-56 AUDIO ACTIVE FILTER SUPERCEDES 

OUR SL-S5 IN BOTH CONCEPT AND PERFORMANCE* CONSOL¬ 
IDATION Or MANY COMPONENTS HAS ALLOWED US TO HAKE 16 
OPERATIONAL AMPLIFIERS [COMPARED TO 6 IN THE SL-55) 
INTO A FILTH! GUARANTEED TO OUT PERFORM ANT OTHER 
AT A COST ONLY SLIGHTLY HIGHER THAN THE SL-55 THE 
FEATURES OF THE St-56 ARE SO ADVANCED FROM ITS PRED¬ 
ECESSOR THAT CALLING IT THE SL-55A IS NOT JUSTIFIED* 
UNLIKE OTHER FILTERS THAT SIMPLY OFFER A CHOICE OF 
ONE OR TWO FILTER TYPES AT A TIME (NOTCH, [) AND PASS * 

AUDIO active filteb «C-) Sl-56 PROVIDES WHAT IS REALLY NEEDED --- THF 

AUDIO active FILTER SIMULTANEOUS ACTION OF A 6 POLE ZOO Hz FILED HIGH- 

t 5-3 * 7.5 INCHC 51 PASS FILTER km A 6 POLE 1600 Hz FIXED LOWPASS FIL¬ 

TER WITH A 60 dB NOTCH WHICH IS TUNABLE OVER THE 
200-1600 Hz RANGE. THIS 3 FILTER COMflTHATION IS UNBEATABLE FOR Th£ ULTIMATE IN QRM FREE SSR 
RECEPTION. ADJACENT CHANNEL QRM IS ELIMINATED ON THE HIGH AND LOW SIDES AT THE SAME TIME AND DOES 
NOT INTRODUCE ANY HOLLOWNESS TO THE DESIRED SIGNAL. ON CW THE SL-S6 IS A DREAM* THE LOWPASS, 

HIGHPASS AND NOTCH FILTERS ARE ENGAGED ALONG WITH THE TUNABLE BANDPASS FILTER [400-1600 Hz) PRO¬ 

VIDING THE NEEDED ACTION OF 4 SIMULTANEOUS FILTER TYPES, THE BANDPASS MAY BE MADE AS NARROW AS 
14 Hz (JdB). ADDITIONALLY, A SPECIAL PATENTED CIRCUIT FOLLOWS THE FILTER SECTIONS WHICH ALLOWS 
mu The peaked SIGNAL to ''GATE ITSEir THROUGH TO THE SPEAKER OR HEADPHONES [4-2000 OHMS). 
RECEIVER NOISE, RING AND OTHER SIGNALS ARE REJECTED. THIS IS NOT A REGENERATOR, BUT A MODERN NEW 
CONCEPT IN CW RECEPTION. THE SL-56 CONNECTS IN SERIES WITH THE RECEIVE* SPEAKER OUTPUT AND DRIVES 
any SPEAKER OR HEADPHONES WITH ONE WATT OF AUDIO POWER. REQUIRES 115 VAC. EASILY CONVERTED TO U 
VDC OPERATION. COLLINS GRAY CABINET AND WRINKLE GRAY PANEL. 

WARRANTED ONE YEAR FULLY ftFi PROOF FULLY WIRED AND TESTED AVAILABLE NOW 


WARRANTED ONE YEAR FULLY ft Ft PROOF FU 
$75*00 POSTPAID IN THE USA AND CANADA. 


$zia$inia srfiorNTS *n,n o. jalm ta* 


ATTN SL-55 OWNERS: THE CIRCUIT BOARD OF THE SL-56 IS COMPLETELY COMPATIBLE 
WITH THE SL-55 CHASSIS. OUR RETROFIT KIT IS AVAILABLE AT $35.00 POSTPAID 


ERC INTRODUCES A BRAND NEW CONCE PT IN THE MEASUREMENT 
OF VSWR AND POWER ACCEPTED BY THE LOAD 


REQUIRES IIS VAC AT LESS 
THAN 1/16 AMP. 

COLLINS GRAY CABINET. 
WRINKLE PANEL - BRIGHT 
RED LED DIGITS (.33"), 
DECIMAL POINT IS THE 
PILOT LIGHT* 



TWO SO- 2 39 COAX CONNECTORS 
ARE AT THE REAR PANEL* 

DIMENSIONS 3*5 x 5.S x 7*5 
INCHES* 

WEIGHT rs 2 POUNDS* 


hfl-30 MM t 


The, MOOCL SL-65* (20-2000 WATTS) AND THE QHP MOOLL SL-65A* (0.2-20 WATTS) DIGITALLY INDICATE 
ANTENNA VSWR UNDER ANY TRANSMISSION MQDL — SSB, CW P RTTY, AM Etc. THERE IS NO CALIBRATION RE¬ 
QUIRED and no CROSS10 MLTER NEEDLES TO INTERPRET. SIMPLY LOOK AT THl READOUT AND ThAT IS THf VSWR. 
SPEAKING NORMALLY INTO A SSB TRANSMITTER MIC. INSTANTLY CAUSES THE VSWR TO BE DISPLAYED THROUGH¬ 
OUT TOUR ENTIRE TRANSMISSION. REVERSING THE POSITION OF A FRONT PANEL TOGGLE SWITCH AND THE DIS¬ 
PLAY INDICATES THE NET POWER [FORWARD LESS REFLECTED) THAT IS ACCEPTED BY THE ANTENNA. THE PEAK 
OF THE NET PEP IS DETECTED AND DISPLAYED WITHOUT FLICKER FOR ANY MODULATION TYPE. DISPLAY UPDATE 
IS CONSTANT YET FLICKER FREE AS YOU MAY CHANGE THE POWER ACCORDING TO YOUR VOICE, THERE IS NOTHING 
LIKE THIS QUALITY INSTRUMENT AVAILABLE ANYWHERE ELSE. IT IS THE ONLY V>WK-N£7 PQWlB INDICATOR THAT 
LETS YOU KNOH THE STATE OF YOUR ANTENNAS AND TRANSMITTED POWER AT ALL TIMES WHILE TRANSMITTING. 
EITHER MODEL IS A SOPHISTICATED DEVICE CONTAINING FOUR CIRCUIT BOARDS AND THIRTEEN IHTEGRATTO 


El TULA: MODE l 
CIRCUITS. 


SL-G5 1 

VSWR INDICATOR 

* TWO DIGIT DISPLAY SHOWS VSWR 
TO AN ACCURACY OF .I FOR VALUES 
FROM 1.0 AND 2,2* ACCURACY IS TO 
*2 FOR VALUES FROM 2.3 TO 3,4 
AND TO *3 FROM 3.4 TO 4*0. FROM 
4.1 TO 6,2 THE INDICATION MEANS 
THAT VSWR IS VERY HIGH, 


* FOR VSWR VALUES NEAR 1,0, THE 
POWER RANGE FOR A VALID READING 
IS 20 - 2000 WATTS OUTPUT * FOR 
HIGHER VALUES THE UPPER POWER 
LIMIT FOR A FUCKER FREE VAUD 
READING IS SOMEWHAT LESS (35 - 
1000 WATTS EQR VSWR AT 2*0)* 


• DIVIDE THE ABOVE POWER LEVELS 
BY 100 TO OBTAIN THE PERFORMANCE 
OF THE SL-65A QRP MODEL. 


WARRANTY ONE 


YEAR SL-65 

NET POWER INDICATOR 

- THE POWER DISPLAYED IS THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
THIS IS THE POWER THAT THE TRANSMITTER 
IS M TALKED W UP TO. DISPLAY DECAY TIME 
IS ABOUT ONE SECOND. 


- THE POWER DISPLAYED IS 
IS ACCEPTED BY THE ANTENNA 
LESS REFLECTED). 


THAT WHICH 
(FORWARD 


• POWER IS DISPLAYED ON THE SAME TWO 
DIGITS AS VSWR IN TWO AUTORANGED 
SCALES. 2D TO 500 WATTS AND 500 TO 
2000 WATTS* TRI ROVER AT THE 500 WATT 
LEVEL IS AUTOMATIC EX: A READING OF 
1.2 COULD MEAN 120 OR 1200 WATTS, 

YOU MUST KNOW WHICH RANGE YOU ARE IN, 

* ACCURACY IS TO ID WATTS IN THE LOWER 
RANGE AND 100 WATTS IN THE UPPER RANGE* 
DIVIDE POWER SPECS BY 100 FOR SL-65A, 


PRtCEt $189*50 POSTPAID IN USA «. CANADA* VA* RESIDENTS ADO 4% SALES TAX* 

BOOKLET AVAILABLE AT ELECTRONIC RESEARCH CORF. OF VIRGINIA 

12.00 REDEEMABLE TO- p, 0, BOX 2394 

WARD PURCHASE, VIRGINIA BEACH, VIRGINIA 23452 

* patent pending* * 


TELEPHONE (B04) 46 3-2669 


More Details? CHECK - OFF Page 110 
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Barry Electronics ... Your % e ^rRadio Gear 


HEWf 


YAESU FT-101 ZD — Thoroughbred from a long line of Winning Transceivers 
• Digital & Analog Frequency Display • TX-RX Offset • 160-10 Meters 
• SSB/CW • 180 Watts DC Input • Rugged 6146 Finals * IN STOCK • CALL NOW! 


We a/so have 

• ANTENNAS FOR HF & UHF 

• ROTORS 

• TOWERS wit, 

• REPEATERS hai 

• MICROPHONES BED 

• KEYS & KEYERS i 

• TUBES and much, more 


JUST CALL OH 
WHITE FOB THE 
SAURY PRICE; 
BETTER STILL ... 
STOP INa 


Yes, we hove 
t!lMAC Tubes 
Si Chimneys, 
and YAESU 
Replocemenl 
Tubes m s/ch'iM 


WE STOCK THESE FAMOUS NAME BRANDS 


Repair lab 
un premises. 


AEA 
ALDA 
ANTENNA 
SPECIALISTS 
ATLAS 
B St W 
BIRD 

COMMUNICATIONS 

SPECIALISTS 


COLLINS 

CUSHCRAFT 

DSI 

DINTRON 
DRAKE 
IlMAi 
F_ / WAY 
HY'CiAIN 
I COM 


KDK 

KIM 

MFJ 

MIKAUI 

MOSTLY 

NEWTRONK S 

ROBOT 

ROHN 

STANDARD 


SWAN 
TEMPO 
Tl N 1I <. 

mux 

VI IF 

I NOINt l RING 
WILSON 
YAESU 


BARRY ELECTRONICS 


512 BROADWAY 
NEW YORK. N. Y. 10012 


(212)925-7000 


CUSTOM-MADE 8-POLE CRYSTAL FILTERS 

GET THE BEST FOR LESS. IMPROVE YOUR RIG — OLD OR NEW 

NO SET IS BETTER THAN ITS FILTER! 


CW FILTERS - S55EA. 


250 and 500 Hz tor YAESU: *FT-101 
(all), ‘FR-101, *FT-301, FT-7B. 
FT-901, FT-101 ZD, FTdx400. 560. 
570, 401/B. FT-200 {Tempo I) 


250 and 400 Hz for KENWOOD; 
•TS-520, *R-599, *TS-820, *R-52Q 
HEATH: All but SB-104 



r!n r 


250 Hz tor 
COLLINS 75S-3B/C 
SI50 EACH 



SSB FILTERS - S55 EA. 


1.8 and 2.4 kHz tor YAESU: 
•FT-101, (all but ZD), *FR-101, 
•FT-301, FT-7 


1.8 kHz only YAESU: FTdx400, 
560, etc. KENWOOD: *TS-520. 
•R-599, *TS-820. *R-820 


1.8 and 2.1 kHz HEATH: All bul 
SB-104 


U^l r 








GUF-1 Broad (B KHz) First IF Filter lar 

superior to exiting unu for CW/SSB - 
$65 

GUF‘2 Narrow <800 Hz} First IF Filter lor 

superior CW Assembled on RGB with 
switching relays, etc to select broad or 
narrow I liter $90 

TF56H125: Txtremely sharp {125 Hz) CW 
Second IF Fitter lor DX and Contesiers — 
$100 

GUO: Product Detector Kit converts exist- 
ing detector to superior double-balanced 
type Wired PCS easy instaltanon — $45 


AM FILTERS - $55 EA. 


6.0 kHz lar 

YAESU 'FT-101 (all but ZD) 
and *FR-10! 


„ 7- Y 


•DIODE 

SWITCHING BOARDS 


Permit addition of one or two fil¬ 
ters more than Ihose for which 
room is normally provided. 

Single type • YAESU only - $12 
Dual type (YAESU or KENWOOD) $21. 


Reduce QRM with FOX-TANGO’s superb quality crystal filters. 
Custom-made for each rig, installation is a breeze — just drop the 
filter into existing holes. When ordering, state make of rig. model, 
filler type, and bandwidth desired. Prices include airmail post¬ 
paid to U.S., Canada, and Mexico. For overseas insured airmail 
add $5 for crystal filters, $2 for diode switching boards. Satisfac¬ 
tion guaranteed or money back. Dealer inquiries invited. 

FLORIDA 
RESIDENTS 
ADD 4% 
SALES TAX. 


Box 15944A, West Palm Beach, FL 33406 



TEST EQUIPMENT 

All equipment listed oprr atian.+i iinti 

unconditionally guar an reed Money pack U no I 
Sdihslied Prices llift'd Oft- F OB Monroi* 

Boon ton 190 A Q mlr ?0 3A0MH/ 

Q 5 1200. 395 

GR 1001A Stand sig gen 5k hz 

50MHzcalibattn .255 

HPT7QA(USM140J 30mHz Kopt? wilh 
reg horii, dual trace vert plugs 475 

Tek565 Dual beam 10mHz scope 

less plug im (3series).*«6?5 

URM25 Stand Sig Gen TOkHz 50MH? 

calrbatln . 225 

Wemschel ?0 Prec RF alln DC 

1 y H / G 60db r 1 d b steps 4 w.395 

Li'dY ouTUziteti Wrile spit if yinm ri st 
cmuipmrni neem Ouitk respond assured 

GRAY Electronics 

P.O.Box 941, Monroe, Mich 48161 

SpL'C Nilizmq in u»o leiT fguipmcnr 


DEALERS UinniED 


| TOWERS 

by ALUM* 

HIGHEST QUALITY 

ME Xlummim ALUMINUM 

MaMT'NMI A STEEL 


«r suti 

D ink Up 
Modal SH0-4D 


* TELESCOPING (CRANK up) 

* GUYED ISTACK-UP) 

* TILT-OVER MODELS 
Easy to Install. Low Prices. 

Crank-ups to 100 fL 

EXCELLENT FOfi j 
HAM COMMUNICATIONS 


SPECIAL 

Four S«*k>n M Ff, 
Van Moufdad Crank-Up 
A luma Town 



L‘r.i 

ll? 

.* 

if', 

i 1 

m 

nf 

pi 

i 

0 

a 


Over 36 lypes aluminum 
and steel lowers made— 
specials designed and 
made write Iot demds 


T~ > 


ALUMA TOWER CO, 

Box 2fiG6Hfi 

VfRD HE ACM FLA USM 
PHONE {30«| M7-342J 
TELE2 40-3*04 
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13-5 10 MIDLAND OWNERS 13 -513 

CLEGG FM-28 OWNERS 
SCANNER KITS 

DOES EVERYTHING THE TR-740QA 
SCANNER DOES ONLY YOU SELECT 
THE MHz SEGMENT YOU WANT. 

THE SCAN HATE IS 200 kHz/sec 

Kit $39.95 

Preassembled and Tested $59.95 

jort i l SO lor pasiage anti ruminng 


TR-7400A “KENWOOD” 
OWNERS: SCANNER KIT 

* mslaltj cemgKttiy insult f^g so bbtru&ive ntcmai ronnec 
lujm ■ Scam me cotnpitk band ot only ih« portion you street 
on the MH; switch pi ng ie g 1M -lift pr 146-148 
Mhf) * Scan frequent* n displayed on digiUi readout * Iwp 
miniature [aggie l writhe* luppliid mlh lit iscanner on-oti 
itin-iQck may be mounted externally or on ihe lop or bottom 
caver o1 Ihe rrg * in ihe icinner OFF medt lh| TA-7400A 
bEfijYfli normai'v in the scanner ON mode me scanner locks 
up on an occupied frequency pauses, lor a presei time i3-30 
seconds! and ihen resumes banning Thu means you can 
eavesdrop all ever Ihe band wilhoui tiMing a imgti When you 
hear lomeihmg miereiiing >ou Nip in* s*>tth us the loch 
mode and ihe r«g n Teady id Iransmii • Scam al Ihe rale of 50 
fcHr pan second * Complete *nn detailed instructions (even 
lor ihe beginner. 


tnirotfucTorv Oiler 
KIT 539 95 


Reassembled 559 95 
»dd l 1 50 postage and Handling 


FT-227 “MEMORIZER” 
OWNERS: SCANNER KIT 

* Selectable sweep width |up lb lull bandl - Scans Only the 
portion or band you h ltd * Scans at the rale ol 700 hH; pie 
second * Swiich modification on mike allows you to scan past 
o' lock on any occupied trtquency Complete ad with detail id 
rn si ructions - installs iNS'Df rig no obtrusive enter rul tarmac- 
lions * Rig can easity be returned in anginal condition whenevei 
desued * Starts la preset limns and reverses * Montane n, 
pass ot locked frequency m. 3vj seconds unless you press to th¬ 
en switch * You can eavesdrop an aver the pang wiihoui urt.ng a 
finger 

KfT 534 95 Prcassemtueti ^nd tested 554 00 

4dd$l 50 postage and handling 

IC-22S SCANNER KITS 

also available 

KIT 534 95 554 QO Assembled 

aod Si 50 postage and handling 



dealt! inquiries nrviicd 

AED ELECTRONICS 

750 LUCERNE ROAD. SUITE 120. MONTREAL. QUEBEC, CANADA H3R 2H6 

TEL. 514-737-7293 



CURTIS LSI’s 
help you 


speak 
MORSE 




* 6044: KeycrOfi-A'Chip* <h*i#k(»» c*oi. $14.95 

ftp 75 HH, Ffb 76 a$T fljtfie HdM 75 , Apr HO» ' 777 ( 

* 0044 3; iCPCB.Sockel.Manual.24.95 

* 8044-4: Semi-Kit. 54,95 

w 8045; Morse Keyboard On A Chip 1C . *. 59 95 

* 1045*1; 1C,PC0.FIFO,SockeiI,Manml , 89,95 

* 8045-2; Scml-Kil..♦. 159.95 

* 8046: IfiilructOlreyBf On A^Chip tC-49.95 

* 0046 1: Semi-Kit.79.95 

* 004 7;,Messig« Memory-On-A-Chip 1C .. 59.95 

* 0047-1; 1C,PCB.flAM.Sockels,Manual.. 69.95 

(Sd4 5175 on a hove far paiiage and handling! 

EK 430; CMOS Keyer* (Fee jiqsti.124.95 

IK-440A; Instnicloktyer* (Met 76 ofT}-224.95 

'now with dash memory n standard 

System 4000 Him Computer iih j«n 7i qst) (write) 
Corns Electro Devices, Inc. 

141S)H4^1W 

Rea 4090. MauntW View, Cft H040 I_ 


- # Pmcnllnn 

f ♦^'? rill. A.HrO. L SI 1 > HIV£. ' 

\ ^ ■ ta 





KLAUS 



QUALITY AMATEUR RADIO 
EQUIPMENT & ACCESSORIES 

KENWOOD 





nsrtont 


The time has cchtw lor all amateurs to umlr on tight 
W« muhf knaw rj.i. h othrf av Ju olhrf frati-maJ 
ornJiriU4(!-.‘n\ The ability to reiii([nizr path tilher nn 
.inv occasion is a true mark of Iralrmal hrolherhood 
Croup 111, tWBlLCK, K02PX and KH2PZ) d«>*rvrd 

thl* 10 kuiat xolJ ring lu portray OU.F xreaf afii proud 
Ira terrify This requisite ring is made cxflutively tor 
you by 1<hMrf<s (world ljnu>ui kir ihra quality achh-vr 
nml nnpl with your tail Irtfer* promiOenlly dopJayrd 
For drtaklrd informalsiYh and rpusablp nnx ^ifpf LVfite 
■ u . .i -juft Croup ill Sales Co 

Jfi. w IX-pi !:■ P.0 Sox 2S* 

No s jfctiejii-.n Little Neck. N.Y. U3oj ^ 


More Details? CHECK-OFF Page 110 


TS 520 S 

HF TRANSCEIVER 


TC fiJVl 

MULTIMODE 6-M 
TRANSCEIVER 


TS 020 S 

HF TRANSCEIVER 


call or write for the KLAUS price ., 
YAESU 




FT-901 D 

HF TRANSCEIVER 


FT-227 R 

2-METER FM TRANSCEIVER 


*,. call or write for the KLAUS price ... 
CUSHCRAFT 





W© have a complete stock of Cushcraft antennas — too many to 
mention in detail, so ask about our 2 meter line ot verticals and 
beams for special tow, low prices. 


MAUI RADIO 

5400 N. Pioneer Parkway, Peoria, IL 61614 
Phone 309 691-4840 

Tim Daily, Amateur Equipment Sales Manager 


Inc. 


july 1979 












































YOUR REPEATER DOWN IN THE 
MOUTH? GIVE IT A HELPING HAND 
WITH A WaCom Duplexer! 

NO DELAY - NOW IN STOCK- 
READY FOR SHIPMENT-TUNED TO 
DESIRED TX and RX FREQUENCY 

• 6 Meter Close Spaced • BpBr Circuit 

•2 Meter 600 KHz Spaced • Power: To 350 Watts 

•220 MHz .Requires No 

•432 Rack Mount Maintenance 

•Frequency Stability Over Wide Temperature Ranges 

ALSO AVAILABLE DOUBLE SHIELDED CABLES WITH PL 259 AND .TYPE N CONNECTORS 

%£p/£&t£Z& UtiCtmit£ct 

CrZ&tcvZ £j££et%<MtC& 


7054 

-lPA<>nr i('i 07tJ)J2 

r. | t.a inti. 'ha. 

HVO Hi 454 7 


rx 


. If ti t /#' f fa t O t a 

* ;W0€5 


m ACCEPT 


ys® 



QUARTZ CRYSTALS 
"IN A HURRY " 
VfT SINCE 1970 

CRYSTALS AVAILABLE FOR: 

■ CB - Synthesizers 

* Amateur • HF, VHF, UHF 

* Industrial 

* Scanner 

* Marine - LBS VHF 

* Conversion Crystals 

* Special Attention to R $ D. 

* Micro processor Types. 

DISCOUNTS AVAILABLE TO 
DEALERS & MANUFACTURERS 

CALL “BONNIE" FOR 
PRICES & DELIVERY 

VISA & WASTE n CHARGE 

credit cards accepter! i 

SCI 


*4 


CAL CRYSTAL LAB, INC. 
1142 N. Gilbert Street 
Anaheim, CA 92801 
(714)991-1580 



GREGORY ELECTRONICS 

The FM Used 
Equipment People. 


New Low Price! 


2 Meter Portable 
G.E. MASTR PR 36 

132-150 MHz - 5 Watts 

ALL SOLID STATE 
with Ni-Cad Battery 

NOW 

$ 158 . 




Vehicular Charger 4EP63A 

{sold only with unit) *25 




GREGORY ELECTRONICS CORP. 

245 Rl. 46. Saddle Brook. N.J. 07662 
Phone: (201) 489-9000 


July 1979 


State of the art 

TECHNICAL EXCELLENCE 

- in RTTY 



."ii r e. ’''aiTMtwr'ASft rv! titt- ** ' ' »v ■ itkV 

;■ rf-fM - * ■' 5 * \ -\. .« 

If you demand the finest, hd compromise technology, you 

need the FSK T00.4 demodulator. Can*I bo outcopsitd because 
its design, computer grade parts, and modern technology 
offer land line copy over radio circuits. 


Stops QRM with selectable 
55 or 100 Hz a fillers and 
Iwo lone limiterless operation 

Decision level correction 
improves selective fading 

Uses either 170 volt, 60 
Ma. or R$ 2 32 loops 


Being mlroduLcd now ai 

$ 397.00 

FOB Columbus, Ohio 
5449. 00 August 1. T 979 


Video opera lion available. 
Interfaces microcomputers. 

We can install your Xitex 
SCT 100 board inside, loo 

Continuously adjustable 
shift from 100 to 1000 Hi. 

Write for details. Visa and 
Master Charge accepted. 


JRL 


700 Tavlor Road 
Columbus. Ohio 4 32 30 
1614) 864 2464 


More Details? CHECK OFF Page 110 
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PANASONIC “COMMAND" SERIES 

RF220G ^ 

RF 2200 | RAND AJWFM 
Sw beqs tfom 3 9 10 28 
^H; Ogublrc tnjfjtfi h*1 
crndyne Precis* call 
lumng lo 10 irH.- 
□uutilf? Chech jcKiI mark#* i 
4( 50Q kHz and 125 hHl I 

m LjJin COnllOl lor AMJSW | 

KFO 'iwilch For S5B A SW I 
Plus many more Features I * rc _ r \ 
suen as Bhl jacks lor AC I JST NOW 

rtflT A jjphi Big radio I \ OMt 

t'UlUfPS .>! I(5» pru f * * fir^ f / - J 

Prut 12 10 Shippiti] ^ ■' } Jil 


RF 2900 

HF 2W0 DIGITAL AMlFM 

$W trrjnn 3 2 10 30 MH; 
5 Sign LEO display 
itiiids iii l bands Double 

mj [H-rhu Iprcxlynp M L Cl r 

cuilry FM AFC & wit $mi 

nrfffp* tJd rHj *mj | [1 tcntfOl 

FaslfSiow tuning 
Quill in AM ant Ifiti 
scoping whip loi TM'SYV 
BFO piitn cpnlrgi to* 
SSbjCw And much 

much mow ton me puce 

Ptui 11 VD Ships I "U 


SPECTRONICS SUMMER 

« DISCOUNT SALE! 


DRESS UP YOUR REPEATER 


JUST IN: SURPLUS MOTOROLA 
BASE STATION CABINETS AT A 
FRACTION OF ORIGINAL COST: 


Now is the perfect time to house your 
repeater in a great cabinet for a great 
price. These arc in mint condition ex¬ 
cept for minor dents and scratches. 
Send F.O.B. Oak Park, 1L Freight Col¬ 
lect. Quantities limited. 


JJgjllBjj LIMITED QUANTITIES — ORDER NOW: 


RF-4900 f 

FULL SW 
COVERAGE 
FROM 1.6 to 3! 

MH*. ALL 
DIGITAL Fiu. 

IS 00 

Shipping 


BIG SELLERS AT DAYTON! 


ANTENNA SALE! 

CALL US FOR SUPER DEALS ON 
ALL OF YOUR ANTENNA NK EDS ! 


RF 4900 DIGITAL AM.FM SW coverage Irani 1 6 rg Jl MH/ 
* Full '.Jifliul rf'JClOul O" .|I* Lki”iJ l ’ * c < (hg>T Uuoiev-Iinf 
readbiH ■ Pr»>mn double Supemeterody nt* * f asirsiow lun 
mg * AlC nn I'M Nano* aww M'lt'clmly ■■wrlci " 1 lor 
AMiSVW * BPQ Pucft CDftlral ■ CirlitiuhOn cgrlTrOt - AML, 
jw Kh Iqp AM * f-fcl RF cm.mt * flF Gain t nil Ifni * Iftd 
inis <Oi FM i SW Add fROt*__ 


IMPROVE YOUR 
RECEPTION WITH 
AN AMEC0 ALL 
BAND PREAMP 1 

* 6 160 Meiers 

* 20 * dB Gam 

* Low Pnee 




Ma*L 


’ey 


MODEL PLF 2 improves weak signals as * f-*I as linage 

jnd SBunout rejection d *1 moil ieci*ive(s DifflCl SVWllching 
Ei, e. ur piujmu IncItulHS (i*r SuRP 11 / VAC wired A 

res led nod Mfl 35 

SWLANTENNAS 


jsncroiT 

ir #iHia' n 

SD F,NC ° 

a KiM 


DIGITRAN KEYBOARD 


1ft May '•'Mii1r.fl 

2 5 » ? ’ * ’■ ’£• 


LOW 
PRC FILL 
YET 

Almost 

STROKF 

i/i6 


A .1.11 .it'ijf IIU" [it^lii' H r |rii^.iMl i.i |n ,irgi.i..*>0', |t-r jo.i 

t+ct'ip Iwi leaving no douP* ifuii cn n ’:u 1 f, .r. tmn matK> 
Thpw new itybouNJi <i« mirHJ^tiurwl bv ihe Di'j,njn Com 
[Wy aftd **& turni»fi«Kl *.tn '.nyr. ^ Km s 'cu ^ Omtun iu<j ^.ir. ,, 
M«I<* C MUf^Cta C hip in0 b c ryi tifI ipiui miwijTfll arftjH com- 
pOftwntL [ TO becdJTu i j T I i , . „*<■ 


MOSLEV SWL 7 
DIPOLE 


For 11.1316.19.15 
3! A 49 meieis Ati 
ini^ *. pensi y e hoi i / o n 
la: dipole %v m tt prt? 
iLmed A'f.iTherptooT 
trap aftsembliesi KtjI 
jie the k*‘Y to I he 
SWL ?'s 

broadband covpi 
arje Complele h.i( 
yy/ifillr 


MOSLEY SWV7 
VERTICAL 


For n ujbJ976 
3i & 49 meters 6 
specially designed 
Iraps rib hou%ed in 
single weatherprool 
phenolic housing lor 
lop DX reception 
nestgutid for roof or 

] round . r 

swaged tor mani' 
mom itrsihljncL* 1o 
wind vibration Few 
vertn ais can maii.n 
d lor SWL fun only 


YOUR MARK II & MARK IV 

HEADQUARTERS! 


MARK II MARK IV 
25 WATT 4 WATT 

s 229 95 s 259 95 

Ptul Sivppiflfl Fkui Slunpuiq 

i 

price include s 
battery & n ail 
if target at nv , 
extra cost! 1 

SHOWN WITH DPTIQNA1 IT PA0 


n 'DT?r^ , T , T> OTVTT/^C INC * — 1009 garfield st 

3r EiKj 1 IvUlMLiJ, oak park. ill.-60304 


































TELEMETRY COMMUNICATIONS & INSTRUMENTATION, CORP. 


10 GHz MICROWAVE TRANSCEIVER 


FEATURES 

• LOW COST 

• HIGH SENSITIVITY 

• AFC 

• FUNCTION METER 

• TONE OSCILLATOR 

• ELECTRONICALLY tuneable 


TRAN5MITRECEIVE 
IELEMETRY/VJDEO DATA 
AC DC OPERATION 
MULTIPLE IF FREQ S 
MODULAR CONSTRUCTION 
WEATHERPROOF CASE 


SQUELCH & VOLUME CONTROLS * COMPLETELY WIRED/TESTED 


THREE MODELS AVAILABLE 


TELEMETRY model imho ] 

* iO GHz 10 MW Guno rramcewBi 

* rtB Horn Antenna 

* 30 MHz Low Noise Pre Amp 

* 10 7 MHz Post IF Amp/Dernod 

* Crystal IF Fillers 

* Iniegialed Circuil Modulator 

* internal Voltage Regulators 

* AFC 

* Tone Oscillator 

OPTIONS 

* 45 60 100. 111 MHz IF Fred Available 

* Narrow Sand Crystal Fillers 

* 50 Hz 220 VAC Power Supply 

* Higher Gunn GSC Power Output 

* Higher Gam Antennas 


VIDEO MODEL mio 

* 10 GHz 10 MW Gunn Transceiver 

* tG dB Horn Antenna 

* 45 MHz Low Noise PreAmp 

* 45 MHz Post IF Amp^Demod 

■ Audio Subcamer Mod/Demod 

* Room Tor III Video Channels 

■ Internal Voltage Regulators 

* Volume Control 


TM/VIOEO MODEL TM/VX1Q 

* 10 GHz 10 MW Gunn Transceiver 

* 16 dB Horn Antenna 

* 45 MHz Low Noise Pre-Amp 

* 45 MHz Post IF Amp/0emOd 

* Wi de band /Narrow ban d Operation 

* Audio Subcainer Mod/Demod 

* AFC 

* AC-DC Power Supply 


PRICE LIST TfH 

MODEL TMXIO ....*349.95 I Ul CORP. 

MOOEL TVX10 . *349.95 411 N BUCHANAN CIRCLE K3 

MODEL TM/VX10 ,.*499.95 PACHECO CA 94553 

iCombmes 1M v.Jto Mode!:-i 

TO ORDER CALL (415) 676-6102 

qi Wnle lor FREE DETAILED DATA SHEET on this and our 

VHF/UHF TRANSMITTER & RECEIVER PRODUCT LINE 

Prices SuEl|eel lo Change Without NoTicr 


5 V. DIP RELAY 


SP ST 
lt,0 „ 




mj3000*2.25 


MPF-131 

N-CHANNEL DUAL OAT f 
HOS F TELEl-EfFEf T 1RAN5' 
I 5TUU UStO IN VHP A HP- 
l itch r hixeh* onoci Fm 
RF AMO, *T *0 l 2Q0MK I 
pi AS DIODE PROTECTED 
OATES. CnMES wITh PA TA 
SHFfl, UNITS ARE nOU5f 
MAEKtO. _ . 


1N4Q07 IOC 


i> 7MVS0V 

ASE rrz-z: 
SZ.95 


2N5590 
CAST; TO-117 

S4.95 


USE D I An5, 
LOO CFM 
I 1 *j V A C 
4.5" M.5 " 


DTUW CAlLl rifl 

SP 

* IHC* 5fl*,.»l*Or5 

* [Nt+4 50,.., I , ?5 


CONNECTORS 

T UHC MzUHV-i 
WOP UC-J55U on 
tw puc f uur-« 

UC-271U ,50 


^P 5 ^anc rytmc-F 

f\ imr r uhy-t 
qPV H.-258 Sl.'SO 

! 'll we tt 


"N A H/UHF-F 
lie- 14*11 sr.75 

F/ErHF-M 
UOSD&U 51.75 

lU’H Addpl.i l 

UG-17S 5 .25 

i n#+( ** i t 

' UG~ Afl t | . 15, 

BN-C F-PANEL 
lie. L nil ] . OQ 

** N" M CAHslF 
uo-;m sr.fls 

11 v** t panel 

UU Ml 12*25 


WGF 

$ 

£> 


SO-239 feSC 
P L- 2 S r J 6 SC 

10/ 56. EJO MI# t MATCH 


-'tip* 

toggle switch 


RUBBER DUCKIES” 

FROM 

g^c (ninmuniPOi i on c : 

A MUST FOR 2-METER HAND HELPS 


Model Dfcienptjorr 

GC-1 h 16" Knurled Stud F<[b 
loom Mol orpin nnd many 
others 

GC-2 BMC Connector 

GC-3 INC - Connector lor 
Wilson 14G5 

GC-4 PL-259 Connector 

GC-S Tynf F Conneciof ins 

Wdson 1402 and Tempo 


GC-3 


Price 

1 

$996 

$13 98 
$ 6 50 

S 9 50 


Eguipmt?f)T made <n USA bv OL : M MFHS 

Aw * 

t- Send io 

GC G a C COMMUNICATIONS 
730 Cottonwood, Lincoln, NE 68510 

Add Si 00 tor handling and snipping 
i Dealer and OEM FIFOs Welcome; 


1 

E1C 4 


COMPUTER GHADr 
t A FAC1TUHS- 

iP.OODdF 4 5QV S2.V* 
: ? *.2 0004' a sov i,S" 

2 6,S0PliF i JOV 1.0 

39,000 OF a Ain Sr 50 

mi. -rjfiur a iov t.0'5 


M P Marlin P Jones & Assoc. 

-PO. Box 12063 

J fV Lake Park, FI. 3340 
I J (305) 848 8236 

*ria. roaidtinit add 41 tax. 

‘Ml k VISA ICCOpllMd, pi iMiit- mcltldtr nKpi t - 
.iLion date ,uid n j rjn.ttun- .ia c-TrU, 

*AJd 51.00 fnr ordor Undor $10*00. 

1 C an li drt l F'ciri' 11|n oi rt< r » pli.i a• li. id :.u* f i - 
q^’iti poitaqo. 

•"USA orijcri' pIiijrl’ add 'i ■ pos t iLqt 1 . 


1 *!JULO LIKE to 
TELL F{Ju *l!Uuf tJMfl 
NF* CLOCK . 

It is a quart; 

CLDC*, ACCUn*T£ TO 
*|TM|H S it, QNti A 
DAY . K A T* LARGE - ft" 

DIGITS. WITH tht 
WHOLE CLOCK ONLY 

15" HIGH AMD 2" VIDE* DuNS. APPPOX IMATLT 2 rR 
DN TwO WATCH BAtTEN IE5. M^dE OP ALUMINUM, 
a ill last a Lin time . Tells date amq m me 

ZIR CAN RE SET TO REAfl I3NI. Y TIME. WILL HE CQH 
I NO QljT WITH, a 2h HU. POOCL SOON* * 


Hl-O BALUIM 


Far rfl^olai, rDfli, )nv«rl*J 
***** 4 «vb(ati ft 


RUBBER DUCKIE ANTENNA5 

FRFafNCV RANGE » 


ah|-*50t,- 
AN2-450 ,.* 
A N t ■ A t 0 , . * 
Ah 1 |-450, . 

AM] 3-4 5 *. . . 


S If. 1? TttRLAOS* HALE STUDS jf/ 
1/4-32 T HAP *D6 . W*S 

THC TYPE CDNh£CT0»» VX 

*|/4 WAVE Ft.ixABLE If Hi P , 

THREAPS, HALE S T UP . jA 
.!/* wavi elewable whip, >y 
1/4- 32 t H pe*tJS* 


Pr.twF^ 5 UP PL Y iQULt 

«ATED AT 12V * *" > *■ * *■ L A N 
Hi WQDITtEQ »T CHANGING 
f ME ZENER* 

P AH T S i 4 - 5 A IT | O0E -i .1 ? . 5 * 

eySE, i 220PHr a J$v cap, 
1 i 2 v 7EHEH . t -PASS » ft AHS , 
m ITH HEAT SINK. >4.9^ 


LED % 

JUMBOS 


> 1,00 
FOR *T.9S 


pr Mount LlF PANEL 
III'41 SI PT SWITCH 


$1.0 C._L0 /5U ■ Qi 


ONL Y 


$6.98 


IRON POWDER and FERRITE PRODUCTS 

AMIDC-HM, 

^y-\bi>omh 

Fast, Reliable Service Since 1963 

* 

Small Orders Welcome Free 'Tech-Data' Flyer 

Toroidal Cores, Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baiuns, Etc. 

12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 
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STEP UP TO TELREX 

Professionally Engineered Antenna Systems 

Single transmission line “TRI-BAND® ARRAY” 


ELECTRONICS SUPPLIERS. 
SHOPS, IMPORTERS, 
MANUFACTURERS. . . 


MONARCH" 10, 15, 20 Meter 
Model T85EM/4KWP 


S 

CHEAPER 


Even if you have never imported 
goods before, we can show you 
howf r --- 

/ ^'K^mELECTKQwes 


By the only test that means anything 
on the an comparison ... this array con- 
tinLies to outperform all competition ... 
and has for two decades. Here's why 
... Telrex uses a unique trap design 
employing £0 HiQ/500 V ceramic con- 
dqnsers per antenna. Telrex uses 3 opti¬ 
mum-spaced. optimum-tuned reflectors 
to provide maximum gain and true F/B 
Tri-Band performance* 


At 50 ft. or more {above ground) a rugged Telrex "Tri-Band" is the only 
answer to longevity a true money saver. 


Owing to the rising value of the 
Japanese Yen. products from Japan 
are becoming very expensive. 

We have equivalent quality products 
at far better prices from Hong Kong, 
Taiwan and Korea. 


We can supply in both large and 
small quantities with proven quality. 


ONLY TELREX GIVES YOU ALL 
THESE FEATURES ... 


* Power rating A KWP ... rain or 
shine. 

* wind rating survival 1 1 0 mpfl 

* Patented broad-hand coaxial 
'"Baiun” * 

* Heavy-duty steel gusset mounting 
plate. 

- AJumimim boom 2”, 2-1/2” O.D. 
kU ft- 

* Large diameter. .0 5 3 wall taper- 
swaged dural elements for 
minimum weight and exceptional 
strength to weight ratio. 

* Stainless steel electrical hardware. 


ob page, comprehensive, fully priced 
catalogue available - specialising in 
products far the electronic hobbyist. 

Catalogue SUS4 .00 to 
covet atrmatf postage 


DICK SMITH 
ELECTRONICS 
(HK) LTD. 

Retail Showroom b Buying Office 

29 — 39 Ashley ftd, Kowloon 
Tel. 3-GG9 352 - Telex 64398 

Cull in uihtfti you’re ntsf 
in Hong Kong! 


Illustrated; Rugged gusset mounting 
plate, Broad-Band - non ferrite - 
"Baiun”, and Driven Element center 
section. 


For technical data and prices on complete TeJrex line, write for Catalog PL-/ 

TV and Communications Antennas Since 1921 


tel rex 


LABORATORIES 


P.O, Boh 879 - Asbury Park, New Jersey 07712 


Phone 201-775-7252 


More Details? CHECK - OFF Page 110 
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Call or Write for Delivery or Quote 




A remote control plug allows 
you to operate wd h the ampu 
l tier ON or OFF. or in 

I SSS/AM. TM or CW 

mm from the dashboard 


From 

RSGB 

the Fifth Edition of the 

RADIO 

COMMUNICATION 

HANDBOOK 


; otion 


no other choice... 


First published in 1938, the Radio Communication Handbook js the world’s 
largest and most comprehensive textbook on the theory and practice of amateur 
radio. The text has been completely revised and reset for this fifth edition. 
Chapters on image and satellite communication have been added which reflect 
the current interest in these fields. Although written primarily for the amateur 
radio operator, the authoritative treatment of the subject matter will also ensure 
that the book finds a place on the shelf of the professional radio engineer 


Volume I 

1. PRINCIPLES 

2 ELECTRONIC TUBES AND VALVES 

3. SEMICONDUCTORS 

4. HF RECEIVERS 

5. VHF AND UHF RECEIVERS 


RETRANSMITTERS 
VHF AND UHF TRANSMITTERS 
KEYING AND BREAK IN 
MODULATION SYSTEMS 
RTTY 


Order RS-RCHI. 1976 


SIB.9b 


Volume II 17 

11. PROPAGATION B 

12 HE AERIALS 

13, VHF AND UHF AERIALS 19r 

T4 MOBILE AND PORTABLE EQUIPMENT m 

15. NOISE 21 “ 

16. POWER SUPPLIES 


INTERFERENCE 

MEASUREMENTS 

OPERATING TECHNIQUE AND STATION 
LAYOUT 

AMATEUR SATELLITE COMMUNICA HON 
IMAGE COMMUNICATION 


Both volumes available 


Order RS-RCH2, C01977 


S16.50 


Regularly $35.45 

SAVE OVER 15% 
Now Only $29.95 

ORDER RS-RCH12 


ORDER 

TODAY 

FROM 


Ham Radio’s 
Bookstore 

Greenville. NH 03048 


t-HKILOWATT 

LINEAR AMPLIFIER 

TPL proudly presents the first true power 1/4KW 

SSB/AM, FM or CW solid State 

7 mninr linear l— i m 1 * 11 ifinr 


KENWOOD TS 180 S 


i ne zuuv utilizes me leiesi stare or me art engineering including miero- 
slrip circuitry and modular construction The Ihree final transistors 
combine to produce 250W when driven by 15W or more at 13.3VOC 


POWER INPUT 
5 20W Carrier FM or CW 
20W PEP minimum SSB or AM 

POWER OUTPUT 
2QO-2 SOW earner FM or CW 
3DOW PEP 5SB or AM 

FREQUENCY RANGE 
144 to 146 MHZ* 

* will operate with slight 
degradation at 142 ISO MHz 


HARMONIC ATTENTUATION 
All Harmonics Attenuated 
60 d0 or Greater 

current DRAIN 

FM-40 Amps lii 25GW 
550 30 Amps @ 300W PEP 

DUTY CYCLE: 

EM 50% L a ' 1WJW 33% in 2 SOW 
5S0 60% (a 1 I SOW 50% 250W 

Model 2002 $499.00 


can be ordered tor repeater application 
tor additional info mi at ton contact 

¥f*m- COMMUNICATIONS INC. 

1324 w i 3 sth st Gardena, ca 90247 (213) 534.9014 

Cin*d* LflfibroolN 1 ntfust no S, Ltd , V H 5 Be 11 am y Rt] Sc it rtwji ouy h. On lartQ MIN IKS 
E* bod f M EC Inc J350 Soutn 301 h Avunutf. H ftiiantMc. h l anna J3009 


LEAVE A MESSAGE * WE'LL CALL YOU BACK! 

MADISON 

ELECTRONICS SUPPLY, INC 

1506 MCKINNEY * HOUSTON, TEXAS 77002 

713/658 0268 

MASTERCHARGE • VISA 


AJI prices fob Houston, except where indicated prices subject lo change 
wilhoul notice an items guaranteed Some items subject prior sate Send 
letterhead fur Dealer price liSl Texas residents add 6% lax please 
add postege estimate. Si 00 minimum W5GJ, wSMflR K5AAD nsjj, 
AG5K, W5VVM WD&EDt, K52D. WA5TGU. WB5AYF K5RC KSBGB 
WB5U5V 
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RATES Non-commercial ads 10$ per 
word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by non-profit 
organizations receive one free Flea Market 
ad (subject to our editing). Repeat inser¬ 
tions of hamfest ads pay the non¬ 
commercial rate. 

COPY No special layout or ar¬ 
rangements available. Material should be 
typewritten or clearly printed (not all 
capitals) and must include full name and 
address. We reserve the right to reject un¬ 
suitable copy. Ham Radio cannot check 
each advertiser and thus cannot be held 
responsible for claims made. Liability for 
correctness of material limited to cor¬ 
rected ad in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N.H. 03048. 


FOR SALE DRAKE “C” LINE; all filters, extra crystals for 
10, 160, WWV. With matching speaker, power supply, 
and manuals. Excellent condition, on air daily, $1050 or 
closest offer. W1XU, P.O. Box 186, Peterborough, N. H. 
03458; (603)924-6759. 


WANTED — Radio transcription discs. Any size or 
speed. Larry, W7FIZ. Box 724, Redmond, Washington 
98052. 


TEST EQUIPMENT CATALOG listing used Tektronix, HP 
and GR equipment at bargain prices. PTI, Box 8699, 
White Bear Lake, MN 55110. Price $1.00 refundable with 
first order. 


S LINE in perfect shape 7553A, 32SB, 312B4, 516F2, 
$1500.00; Swan Antenna Tuner ST-1, New $125.00; Heath 
Mobile Supply $50.00; Heath HP23 Supply $65.00; 
Johnson Matchbox 275W $65.00. Write W2CPI or call 
609-881-3144 between 10 and 1. Must be picked up — no 
shipping. 

MOBILE IGNITION SHIELDING provides more range 
with no noise. Available most engines. Many other sup¬ 
pression accessories. Literature, Estes Engineering, 930 
Marine Dr., Port Angeles, WA 98362. 


Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radio Austria 

F. Bastl 

Hauptplatz 5 

A-2700 Wiener Neustadt 

Austria 

Ham Radio Holland 

MRL Ectromcs 

Postbus 88 

NL-2204 Delft 

Holland 

Ham Radio Belgium 
Stereohouse 
Brusselsesteenweg 416 

B-9218 Gent 

Belgium 

Ham Radio Italy 

STE, Via Maniago 15 

1-201 34 Milano 

Italy 

Ham Radio Canada 

Box 400. Goderich 

Ontario, Canada N7A 4C7 

Ham Radio Europe 

Box 444 

S-194 04 Upplands Vasby 
Sweden 

Ham Radio Switzerland 

Harm Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Ham Radio France 

Christiane Micbe) 
f 89117 Parly 

France 

Ham Radio UK 

P.O Box 63, Harrow 

Middlesex HA3 6HS 

England 

Ham Radio Germany 

Karin Ueber 

Postfach 2454 

D-7850 Loerrach 

West Germany 

Holland Radio 
t43 Greenway 

Greenside, Johannesburg 
Republic of South Africa 


WANTED: Heath HO-10 monitor scope; please quote 
price and condition in first letter. Jim Fisk, W1HR, HAM 
RADIO, Greenville, NH 03048. 


WANTED: Passband tuning unit from R-4A or R-4B, or 
complete junked receiver with tuner still intact. K1XX, 
ham radio, Greenville, NH 03048. 


14 Pin DIP extender cable. 


36" long with MOLDED 
plug each end. Highest 
quality $2.00 ea. 



PC BOARDS Deluxe Memory Keyer, April HR. Glass, 
plated, drilled, $18.00. RTC Electronics, Box 2514, Lin¬ 
coln, Nebraska 68502. 


SELLING OUT — SX101-A, HT32B, test equipment, 
mikes, antiques, tubes & etc. (SASE) J. Davis, 802 Chain 
St., Norristown, PA 19401. 


RECONDITIONED TEST EQUIPMENT for sale. Catalog 
$.50. Walter, 2697 Nickel, San Pablo, Ca. 94806. 


ATLAS 215X mint condition in original box with manual 
$550.00 UPS included. WB6FBM, (714)831-9288. 


BUY-SELL-TRADE. Send $1.00 for catalog. Give name 
address and call letters. Complete stock of major brands 
new and reconditioned amateur radio equipment. Cali 
for best deals. We buy Collins, Drake, Swan, etc. 
Associated Radio, 8012 Conser, Overland Park, KS 
66204.(913)381-5900. 


VOICE OF AMERICA has opportunities for U.S. citizens 
qualified as Civil, Electronic, Mechanical and Electrical 
Engineers. Supervisory openings available in Liberia and 
Philippines for broadcast station construction projects. 
BS in Engineering or equivalent experience in construc¬ 
tion and contract supervision required. Must be avail¬ 
able on a worldwide basis. Starting salary commensu¬ 
rate with skills and experience plus housing and over¬ 
seas allowances. Civil Service Application (Form SF-171) 
available at Office of Personnel Management (formerly 
the Civil Service Commission), Job Information Centers 
and most federal buildings should be sent to Interna¬ 
tional Communication Agency, Code 15-79, Washington, 
D. C. 20547. An Equal Opportunity Employer. 


Vi" HARDLINE — 500, with jacket. Solid copper center 
conductor. 500' or 1000' rolls — 45$/ft. (freight collect). 
Connectors available. Info — SASE. JRS Electronics, 
(WABOGS), P.O. Box 1893-A, Cincinnati, Ohio 45201. 


RM-300 RTTY MODEM, the complete TU and AFSK 
generator on one board. This modem featured Sept *78 
HAM RADIO. Complete documentation $2.00. RM-300 
Modem or RP-400 Power Supply board just $21.25. Com¬ 
plete RM-300 or RP-400 kit less PROM $71.25. PROM pro¬ 
grammed with your call $7.00. WA6DNR Eclipse Commu¬ 
nications, 5 Westwood Drive, San Rafael, CA 94901. 


Molded bridge rectifier. 100 
volt PIV @ 2 amps. 45c ea. or 
5 for $2.00 ppd. 


Photocell — first quality plastic 
encapsulated. Dark resistance 
100 megohm; Lite resistance 150 
ohms. 20c ea. 6 for $1.00 ppd. 


Single RCA type jack. High 
quality factory new. 15c ea. 

8 for $1.00 


7 segment display FND type. 
Cosmetic rejects. Common 
anode .5 high. Real nice. 

75c each 


Jumbo LEDs. .2 inch diameter. Color- 
Red. Prime factory units. Not seconds or 
retests. 20c ea. ppd. 






4PDT Relay, 12 VDC coil, Potter 
Brumfield, 5 amp contacts, fac¬ 
tory new of course, a beauty. Also 
available with 24 VDC coil. 

$1.90 ea. ppd. 



Vertical Mount Trimmer Pots 
— All highest quality. No 
junk. 100 - 1000 - 2000 - 
5000 - 10K - 20K - 25K - 
50K - 250K - 500K Ohms. All 
have thumbscrew adjust. 
Your choice 5 for $1.00 ppd. 



QUALITY NEW COMPONENTS. % and Vi watt carbon 
film resistors; electrolytic, mylar, tantalum, disc, mica 
capacitors; trlmpots; miscellaneous other items includ¬ 
ing chassis, enclosures. Enclose 15$ stamp for cata¬ 
logue. Midnight Engineering Group, P.O. Box 349, Gales¬ 
burg, IL 61401. 


VERY ln-ter-est-ing! Next 3 issues $1. “The Ham Trader”, 
Sycamore, IL 60178. 


BEST OFFER TAKES! Two Motorola HT 220 walkie- 
talkies & battery charger. 1.8 Watt. UHF frequency. Stan¬ 
dard squelch. Laurie Flebiger, 13500 County Road 6; 
Mpls. MN 55441. (612) 559-1551. 


Highest Quality E. F. John¬ 
son Trimmer Caps. Hard-to- 
find P.C. board mount. 
.5-11 mmfd. No junk. 

90c each; 10 for $7.50 ppd. 




SUPER-BUY - 5000 mfd. @ 
40 volt electrolytic cap. factory 
new and complete w/all hard¬ 
ware. $1.35 ea. ppd. 


MUSEUM for radio historians and collectors now open. 
Free admission. Old time amateur (W2AN) and commer¬ 
cial station exhibits, 1925 store and telegraph displays, 
15,000 items. Write for details. Antique Wireless Assn., 
Holcomb, N.Y. 14469. 


SATELLITE TELEVISION — For information on building 
or buying your own Earth Station send $3.00 to Satellite 
Television, R.D. 3, Box 140, Oxford, New York 13830. 


COLLINS FILTERS, $30 each, F455N-20, 40, 80, 160 with 
matching components, Guaranteed. Ernie Franks, 
WA2EWT, P.O. Box 364, Colombo, Sri Lanka (Ceylon). 


DRAKE B-LINE w/160M $750. Mint IC211 $750. Johnson 
KW Matchbox w/swr $165. K4TO, (205) 536-6546. 


MOBILE HF ANTENNA, 3.5-30 MHz inclusive, 750 watts 
PEP, center loaded coil, tuned from the base, eliminat¬ 
ing coll changing or removing from mount. Less than 1.5 
to 1 VSWR on all ham bands. $119.95 each — contact 
your local dealer or order from Anteck, Inc., Box 415, 
Route 1, Hansen, 10 83334. (208) 423-4100. Master 
Charge and VISA cards accepted. Dealer inquiries 
invited. 


QSL CARDS 500/$10.400 illustrations, sample. Bowman 
Printing, Dept. HR, 743 Harvard, St. Louis, MO 63130. 

ELECTRONIC BARGAINS, CLOSEOUTS, SURPLUS! 
Parts, equipment, stereo, industrial, educational. Amaz¬ 
ing values! Fascinating items unavailable In stores or 
catalogs anywhere. Unusual FREE catalog. ETCO-012, 
Box 762, Plattsburgh, N.Y. 12901. SURPLUS WANTED. 


Just arrived — thousands of ICs. Re¬ 
moved from sockets on new P.C. boards. 
All marked with standard numbers and 
In the 7400 series. Examples of nos. are 
7486-7495-7496 etc. Chance of a life¬ 
time. Sorry no choice of numbers. We 
mixed them up. 50 for $7.50 ppd. 

100 for $12.50 ppd. 


Transformer: 115V AC Primary, Secon¬ 
dary 17-0-17V @ 7 Amps. We tested 
and find good for 10 Amps intermittent 
duty. Ideal for 2M rigs! $8.00 ea. ppd. 


ALL ITEMS PPD USA 
SEND STAMP FOR LIST OF BARGAINS 
PA RESIDENTS ADD 6% SALES TAX 
FONE 412-863-7006 



u/iElectronics 


12690 ROUTE 30 
NORTH HUNTINCOON, PA. 16642 
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MODE L 4431 THRULINE 


RF DIRECTIONAL WATTMETER 
with VARIABLE RF 
SIGNAL SAMPLER - BUILT IN 

IN STOCK FOR PROMPT DELIVERY 

AUTHORIZED DISTRIBUTOR 

associates 

115 BELLARMINE 
ROCHESTER, Ml 48063 

CALL TOLL FREE 

800 - 521-2333 

IN MICHIGAN 313 - 375 0420 


MOVING? 

KEEP HAM RADIO COMING .. 


If possible lei us know four lo six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Just remove the mailing label 
from this magazine and affix below 
Then complete your new address (or any 
other corrections) in the space provided 
and well take care of the rest. 

Allow 4 6 weeks tor 

fOUlC# correction. 

Magazi ne 

Greenville, NH 03040 

Thanks for helping us to serve you better, 
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WWVB RECEIVER. The Elemek Model LXK receiver 
receives the SO kHz WWVB signal ana provides the for 
lowing outputs. 6Q KHz and 10Q kHz, phase locked to 
WWVB currier, and (he demodulated WWVB time code 
Send for brochure describing the receiver lo Eiemofc, 
Inc , Dept H.6500 Joy Hd., East Syracuse, N. V 13057. 

FREQUENCY ALLOCATION CHART See how the entire 

radio spectrum is used 2 kHz lo 200 GHz Send 13.DQ 
Collins Chart Co . Bern 935, Coronado, CA 92116. 

WANTED: Hilltop pro party near Pollock Pines, Califor¬ 
nia WA6GOA. 4 A|a* Place, Berkeley, CA 94 708 


CALL TOLL FREE for an EZ deal 80O247-2476n793. 
Iowa call B00 362 2371. See ad elsewhere W9EZ. Bob 
Smith Electronics, RFD 3, Fort Dodge, Iowa 50501 

FERRITE BEADS: w/spacification and application sheet 
12/Si 00 Assorted PC pois - 10/4 T,00 Mimalgre mica 
tnmmars. 3 40 pF. - 5/41.00 Postpaid Includes latest 
catalog, Stamp for catalog alone GPO Surplus. Box 169, 
Bramiree. ma 021&4 


LICENSED AMATEURS ONLY — A TV builders etc., here 
IS your chance lor brand new video equipment at dealers 
Cost Retiring and closing oui wilh such brands as 
Vlcon, RCA and Hitachi Write W9HV7, check call book. 

RTTY AFSK Modulator PC board See Feb 79 Ham 
Radio Drilled 45 00 F E Hlnkte, 12412 Mqssy Bark. 
Ausim, IX 78750. 

EZ deals are (be basil Try me and see Tor Yaosu, Drake, 
KLM. Swan, CushcrafS, DenTron, VHF Eng., ICOM, CDE. 
Hustler, Wilson and more Call; see or write WVEZ. Bob 
Smith Electronics, RFD 3, Hwy 169 & 7, Pori Dodge, 1A 
50601. (515) 576 3666 


EPOXY CIRCUIT BOARD WOO square toot Fifty cents 
for price lisi refunded first order H Inc hey Enterprises, 
P.0 Box 2406. Stockton. CA 95201 

WANTED: Motorola KXN 1024 and KXN 1052 channel 
elemenls WA6C0A, & Ajax Place, Berkeley, CA 94708. 

THE MEASUREMENT SHOP has usnd/roeondiiioned 
test equipment at sensible prices, catalog 2 West 22nd 
Si,, Baltimore. MD 21218 

MANUALS for most ham gear 1937/1970 Send 25c foi 
‘ Manual Catalog ' HI, Inc., Bo* H064, Council Bluffs, 
Iowa 51502 

PORTA PAK — Make your FM mobile a self-contained 
portable Models in stock for rnosi popular makes. 4,5 
amp hr model $67.50. 9 amp hr 1S8.B0 Charger included, 
shipping ex(ra. P.O. Bon 67. Somers, Wi 53171 

STOP LOOKING lor a good deal on amateur radio equip 
ment — you've found it here — at your amateur radio 
head quad era In the heart of Ihe Mid weal. Now more 
than ever, where you buy is as import an I as what you 
buy 1 We are factory authorized dealers lor Kenwood, 
Drake, Yaesu, Collins, Wilson, Ten Tec. Alias, ICOM, 
DenTron, MFJ, Tempo, Regency, HyGaln. Mosley, 
Alpha. CuShCraft. Swan, and many more Wrlle or call us 
today for our low quote and iry our persona! and friendly 
Hoosier service. HOOSIER ELECTRONICS, P.0 Bo* 
2001, Terre Haute. Indiana 47B02 (812} 238-1456. 


Coming Events 


PENNSYLVANIA: Thg South Hills Brass Pounders X 
Modulators 42 nd Annual Pittsburgh Ham test. August 5, 
noon III dusk New Location: Allegheny County Commu 
mly College. South Campus, Route 665, 2 mites south of 
Allegheny County Airport Large indoor air conditioned 
area for vendors and Ilea market. Paved outdoor flea 
market Prizes and food Check in on 146.13/73 and 52/52 
Preregistrationil 50:12 00al door, Forinloand registry 
tlon Bruce Banislef. 5954 Leprechaun Dr., Be I h el Park, 
PA 15102 Vendors must register 


FLORIDA: 1979 Jacksonville Ham lest and ARRL North 
Florida Section Convention, August 4th and 5lh. Jack¬ 
sonville Municipal Beach Auditorium Indoor swap area, 
advance I able reservations 55 from Robbie Robe r is, 
10557 Atlantic Blvd . *31. Jacksonville. FL 32211 
Advance regisirations 13 from H Cutting, 303 tenth 
Street, Atlantic Beach, FL 32233 Door price 13.50 Lots 
of fun and big programs. 


OHIO; Second Annual Salem Area Hamfesl, 9 AM 3 PM 
Sunday. August 5, Kent State Salem campus, Salem 
Advance tickets, 11.50; 12 00 at door Inside tables. 
15.0O. Space for yours. 12 00. Flea Market apace, 11.00. 
Air conditioning, wheelchair ramp, free parking, 
refreshments, prizes. Grand prize Atlas RX 110. TX11Q, 
PS 110 Check in 146 52 simplex. Details. Harry Mllhoan, 
WASFBS 1128 Weal Slate, Salem. OH 44460 



TENNESSEE: The Oak Ridge Amaleur Radio Club will 
hold the Oak Ridge Amateur Radio Convention and Ham 
fest '79 in Oak Ridge this year instead of Crossvilie. The 
dale ia July 14 and 15 at the Oak Ridge Cwic Center 
10,000 square leet of air-condl lioned area available for 
commercial and flea market exhibits The FCG will be In 
Oak Ridge Saturday, July 14 (o give exams Exams will 
start promptly at 8 AM in the High School cafeteria 
across the street from Ihe Civic Center Anyone wanting 
lo take Ihe exam must have Form fllQ completed and 
have your present license with you Other activities 
planned lor ladies and kids include movies, tour of Oak 
Ridge s world famous American Museum of Science and 
Energy. Or you might warn ro take advantage of the 
heated indoor pool or picnic and playgrounds ai the 
Civic Center By moving the Oak Ridge Amateur Radio 
Convention and Hiimfest from Crohsville lo Oak Ridge, 
The Oak Ridge Club plans to expand in every way to 
make for a bigger and better Hamlest lor all, The talk in 
station will operate on 146 80. Other frequencies am 
147.72 and 146.82. Local talk-m on 146,52 Camping 
facilities complete wilh everything am available juai 20 
minutes from the Civic Center Motels and mstaurants 
are conveniently located also Commercial and Ilea 
market exhibitors are urged to make early arrangements 
to attend by contacting Charles Byrge, WB4QSE, P.Q. 
Box 291, Oak Ridge, TN 37830 A welcome center 
operated by the Chamber ol Commerce will be located at 
Ihe Civic Center to provide visitors with full information 
on what lo see while in Oak Ridge The week ol July 9-16 
will be proclaimed Amateur Radio Week in Oak Ridge by 
the mayor An Amateur Radio station wilt be on exhibit ai 
ihe museum Museum admission is I roe Admission to 
Homiest $1.00. 


ILLINOIS: Fox River Radio League Hamfesl, Kane Co. 
Fairgrounds Exhibition Hall, Si Charles. — Sunday, 
August 26th. Tickets: It,50 advance — 1200 al gate 
Coniact Martin Schwamberger WB9TNQ, 1051 North' 
held Drive, Aurora, IL 60505 


MISSOURI: Hannibal Amateur Radio Club Ham Picnic, 
July 8 Talk in 28 68 FCC exams, etc Details WBORKR 

RADIO EXPO *79, September 15 and 16, Lake County 
Fairgrounds, Routes 120 and 45, Grays Lake. Illinois. 
Manufacturers displays, Ilea market, seminars, ladies' 
programs. Advance tickets 32 00 Write EXPO, P O Box 
305, Maywood, IL 60153 ExhiDll&fS inquiries EXPO 
Hotline (312) 345-2525 

ARIZONA: Amaleur Radio Council of Arizona s Annual 
Fi, Tulhili Hamfesl. August 3, *. 5 r Flagstaff Prizes - T5 
520 Transceivers, microwave oven, Wilson Mark It H T 
and more Western Bar B-Q, tech sessions, exhibits 
Camping facilities available. For details: Ft. Tulhlll Ham 
fest. 6520 E Edward Ave . Scottsdale. AZ 65253. 


31 ST ANNUAL U P HAMFEST will be held on July 28 & 
29, 1979 Add your name to our mailing list. Send QSL Id 
Sawyer Radio Ass.. P.O. Box 73. Gwmn. Ml 49843. 

IDAHO: Wyoming, Idaho, Montana. Ulah 47th Annual 
Hamfesl. July 27, 28. 29 Macks inn, Idaho 2 meter 
hunts. OSCAR demo. Ladies' cralta — something for 
everyone Pre-registration prize Wilson Mark II Handle 
Talkie with I ouch fone. battery pack, charger. Grand 
prize — choice of: loom 211 or Kenwood TS-520 Satur¬ 
day night - kids movies, adult dance. For info: Dave 
Hunting W&7FGV, Box 662. Kemmerer, WY 83101 or call 
(307)877 9*40 

MASSACHUSETTS: NoBARC Hjimfeal July 21, 22 al 
Gumming I on Fairgrounds. Tech talks, demonstrations 
and dealers Flea markel, HOC, advance registration 
13.00 single, with- spouse 15.DO lo Tom Hamilton, 
WA1VPX, 206 California Avenue, Pitt a field, Massachus¬ 
etts 01201 or 14 00/16.00 at gate. Mobile talk in 
on 146.31/91 Gales Open at 5:00 PM on Friday for free 
camping. _ 

ILLINOIS: Hamlesters 45th Annual Picnic and Hamfesl, 
Sunday. August 12, Same Fa Park, 91st and Wolf Road, 
Willow Springs, southwest of Chicago. Famous Swap¬ 
pers Row. Tickets: 12.00 gate. 11 50 advance For Info or 
tickets (send check or money order, BASE appreciated) 
to Hamfealers Radio Club. Box 42792, Chicago, IL 60642 


ILLINOIS: The Radio Amateur Megacycle Society's 17th 
Annual QSO Party Time: 1800Z August 4 to 2300Z 
August 5 Rest period Q500Z to 12Q02 August 5. BANDS/ 
MODES All bands. CW and phone Same station may be 
worked on each band and each mode No repeater con- 
taels. FREQS: About 6Q kHz from low end on CW About 
3975. 7275. 14275. 21375 and 28675 on phone About 26 
kHz from low end ot each Novice band, especially on the 
hall hour EXCHANGES llllnolsians give Serial number, 
RSfT) and county Others give Serial number. RS(T) and 
stale, province or couniry. LOGS Logs musi be legible 
and must be submitted along with a summary a heel list¬ 
ing all claimed multipliers end claimed score Oper^ 
tor(s) name, address, cal! sign and category of operation 
must be included Send business size SA5E lor copy of 
results FILING Deadline for postmarks on entries Is 
September 15, 1979 Send to RAMS, K&CJU, 3620 N 
Oleander Ave , Chicago. IL 60634. 
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OHIO: Official ARRL 5lh Annual Hall ol Fame HarnfeSf 
Sunday, July 15, Slark Counly Fairgrounds, Canton, 
Ohio Mobilechtjck-inon 19-/9 and 52-52 12 50 Advanced. 
13 OQ at gale Contact WABSHP. 10077 HazaMew Ave , 
Alliance, OH 44&Q1 

CALIFORNIA Sonoma County Radio Amateurs will be 
operating W&LFJ irom Sonoma County Fair Exhibit, July 
9 through July 20 Hours 1000 PDT to 2200 PDT DAILY 
Teniaiive frequencies CW 7 050. 7 HO, SSB 3 0, 7.235. 
14.2S5, 21 360. 28 600 MHz, F M 29 5 29 6, Repeater 
146 13/73. RTTY 14 075 plus, 21 075 plus, 28.075 plus 
Skeds arranged via Don Bremer KB6LO. 3200 Tobin 
Lane. Santa Rosa, CA 95401 

CWSP AWARD - The CWSP award is issued by the 
' Sao Paulo Group ol CW lor all Hams lhal have worked 
5 (Hve} dilfarent members of the group (mode CW only 
and valid QSGs after October 15, l976k LOGS Call, 
dale, lime band and report Do not send QSL’3 - only 
OCR A personal QSL IS also requested. FEE 10 iHC 
SWL Samn rules. Endorsement lor 25. 50, 75. 100. 125, 
150 stnilons from Sao Paulo Slate (PY2T A pp heat ions 
musi be seni to CWSP PO Box N 15.09B 01000. Sao 
Paulo, SP. Brasil 

NEBRASKA: The Central Nebraska Amateur Radio 
Club's Annual Hamlest and Steaktry. July 2B and 29, Vic¬ 
toria Springs Stale Park near Arise Imp, Talk-ln on 146 40 
147 00 Ih rough WR0AQO Good campground lor week 
enders Registrations to: Harry Roblyer, WflDLM, 
BurweM. NE 68823 or G J Christenson, Taylor . NE 88870 

ILLINOIS: Big Thunder Amateur Radio Club's Annual 
Hamlest. Sunday, July 22, Boone Counly Fairgrounds, 
one mile north ol Betvldere on IL 76. Talk-in on 52 
Simple* Donations $2 00 door. Advance 11 50. For info 
and hckoia: Michael Saniucci, WD9JGH, 862 Ivy Oaks 
Rd , Caledonia, IL 61011 


WISCONSIN Sheboygan Counly Amateur Radio Clubs 
Annual Lake Shore Swap Fpst end Public Brai Fry Sun¬ 
day, July 22. 9 AM to 5 PM, Wilson Town Hail, Sheboy¬ 
gan Many prizes, refreshments Public auenon at 3 PM 
Kiddie Komer Adults $1 00 Under 12 wflamily tree For 
further into 1 Call (414) 457-3203. 

PENNSYLVANIA: Two Rivers Amateur Radio Club s 15th 
Annual Hamlest, Sunday, July 22, Green Valley Fire 
Do pan men l Fairgrounds. US Route 30, Easl McKees¬ 
port Large flea market. For further info; Two Rivers ARC, 
W3QC McKeesporl, PA 15132 


COLORADO: Field Demonalralion Day end Swap Fesl. 
July 22, a I the home of Mr Karl Ramstetler, WAQHJZ, 
Highway 93. Golden Gate Canyon Road, Garden Door 
prizes, pot tuck lunch (bring your favorite la contribute) 
Camping far times beginning Saturday afternoon before 
Hamlest provided by Mi Ramatelter For Eurther into 
Charles Kaufman Chairman, WA&GUN. 3734 South 
Poplar Denver, CO 82037. 


NEW YORK; Radio Central Amateur Radio Club s "Ham 
Central". Sunday, August 5, ram date Sunday. August 1 2, 
Ml Sinai Elementary School, Route 25A. Mt Sinai, Long 
Island 9:00 AM io 4:00 PM (Open 7:00 AM tor cellars) 
13.00 tailgate selling Admission St.50 Spouse and 
under 12 free Monies to be used for Radio Conlral-Sl 
Charles Hospital Repealer Talkdn on K2VL/Rpl 
M4 71/145 31 and 146 52 MHz; WA2UEC. Novice table. 
CW contest with keyer lor pri/n. Special even! — A fly-in 
toy Suffolk County New York Police Dept helicopter For 
more info. Radio Central ARC "Ham-Central", PO Box 
680, Miller Place, LI.. NY 11764 or call Joan Longlin, 
{516} 924 8438 or Robin Goodman (516} 744 6260. 


NEW JERSEY: The Englewood Amateur Radio Associa¬ 
tion's 201 h Annual QSO Parly TIME; From 2000 UTC 
Saturday, July 28 to 0700 UTC Sunday. July 29 and Irom 
1300 UTC Sunday, July 29 la 0200 UTC Monday, July 30- 
Phone and CW are considered the same contest A ata 
lion may be con I acted once on each band — phone and 
CW ate considered separate bands. CW coni acts may 
not be made in phone band segments New Jersey sta¬ 
tions may work other New Jersey stations. General call 
la "CQ New Jersey ' or CO NJ M . New Jersey stations 
Identify by signing "DE NJ" on CW and "New Jersey 
catling" on phone. Suggested frequencies I8i0, 3535, 
3900, 7035, 7135, 7235, 14035. 14280, 21100, 21355. 
28100, 28600. 50-50 5, and 144 146 Suggest phone activi¬ 
ty on even hours 15 meters an odd hours (1500 lo 2100 
UTQ; 160 maters at 0500 UTC EXCHANGE QSO num¬ 
ber, RST, and QTH (ARRL section or country) New Jer¬ 
sey stations send county for QTH. SCORING: LOGS and 
comments to. Englewood ARA, P O Box 528, Engte 
wood, NJ 0763* Sand Size *10 SA&E Stations planning 
participation in New Jersey are requested \ Q advise Itoe 
EARA toy July 7 

INDIANA; Delaware Amateur Radio Association's 
Ham fa si, Saturday, August 11, County Road 300 E 6 100 
N. Spnngwaler Park, Myncie 7 AM (EST) Tickets: 11 50 
advance. 12.00 gate Reserved covered table 11 00 No 
extra charge for ouialdo Hourly drawings 9 til 3. Grand 
Prize Tempo Syncorn 1. For Into: SASE to DARA, P O 
Box 3021, Muncio, IN 47302 


INDIANA; The Steuben County Radio Amateurs original 
Tri-Stale F M Picnic and Hamfasl, Sunday. August 5, 
Angola BSG chicken, inside labfas, overrule camping 
for Salurday arrivals — tee charged. Tickets at door 
Communications: 146 52.147.81-21 

MICHIGAN: St tells Area Radio Club’s ARRL Hamlest, 
August 18 and 19, Petoskey Middle School, Slate and 
Howard Sheets, Peloskey Dona I ion S2 00 door Tables 
12.00 Refreshments Swap and Shop: Saturday. 9-4; Sun¬ 
day, 9 12 Prizes, ladies' program, seminars, Talk-ift 
146 52. Saturday nighl banquet - Holiday Inn, 7;00 PM 
Tickets 17 50 toy July 15. Mail lo, Joe Warden WD8MJB, 
Box 444, Conway. Mich 49722 or Qui Moss, WA8AXF, 
715 Harvey St, Petoakey. Mich 49770 


OHIO: The I5lh Annual Wood Counly Hem a Rama, July 
20 Rowling Green Fairgrounds, Bowling Green Gates 
open 10:00 AM Tickets 11 50 advance. 12 00 door. Dealer 
tables and space trunk sale space and food available 
Prizes K8TIH talk in an 52, For inlo; Wood Counly ARC, 
do Erie Will man, 141 IB Bishop Rd.. Bowling Green. OH 
43402 

KENTUCKY: The Bluegtdss Amateur Radio Club's 
Annual Central Ken lucky Ham test, August 12, Fasig- 
Tipton Sales Paddock, Nawlown Pike. Lexington Grand 
prizes, hourly door prizes, exhibits, indoorteuidoor Ilea 
market. Speakers and forums For inlo Bluegrass 
Amateur Radio Club. P.O Box 4411, Lexington, K.Y 
40504 

LOUISIANA: Tne Louisiana Council ol Amateur Radio 
Clubs Invites you to Ihe '79 ARRL National Convention, 
July 20. 21, 22, Baton Rouge For informal ion and regis 
I ration LCAftC P.O Box 891 Baton Rouge, LA 70B21 

OKLAHOMA: The Central Oklahoma Radio Amateurs 
Slate ARRL Con ven lion and "Ham Holiday". July 27, 28, 
and 29, Lincoln Plaza, 4445 Lincoln Blvd Oklahoma 
City ARRL Forum and technical talks on 1 GHz tech¬ 
niques, fas I-scan TV for radio Amateurs. NBVM and 
mote. Ladies programs Under cover commercial exhib¬ 
its, free unlimited latoie space to flea market swappers 
Pro registration 14.00 prior to July 20 15 00 after. A syn¬ 
thesized 800-channel VHP Transceiver awarded la 
encourage pre-registration. Mam award — TS-12QV wllh 
power supply, Full recreational facilities for all the fami¬ 
ly in ihe area For information and registration CORA, 
P.O Bo* 14424. Oklahoma City, OK 73113. 


TEXAS; The North Texas HF Association s Mink-Expedi¬ 
tions for Hams interested in working the portable 5 sta¬ 
tions The July Mini-Expedihon will be lo Telegraph, 
Texas (yes!). Operation will bo CW ONLY on 40 and 15 
meter bands CW from Telegraph The August Mini-Expe- 
dilion will be to Telephone, Texas (righl again) Opera 
lion wilt be PHONE ONLY on 40 and 15 meter bands. 
Phone from Telephone Special QSL cards are printed 
lor these two Mini Expeditions and ail QSOs will be con- 
ilimed il requested Hours will be 8 00 AM lo 80C PM 
CDS! Calls to use WD5IGY and WD5IKY For furl her 
info: Duncan Engler. WD51KY, 812 Crescent St., Denton, 
TX 70201, _ 

WEST VIRGINIA. The Jackson Counly ARC a Hamtesl, 
August 12, Giant frea marker Bob Haiprtn. KiXA of 
ARRL Communications Department Fun lor the whole 
family el beautiful Cedar Lakes Park. For info: Bob 
Morns. WA8CTO. 628 Church Street South, Ripley, WVA 
25271 

BRITISH COLUMBIA: Okanagan Internal lonal Hamlest, 
Saturday and Sunday, July 28th arid 29th, 1979, a I Ihe 
Gal lager Lake KOA Kampsite, 8 miles north of Oliver, 
BC, Canada Prizes, entertainment, ftea marker white 
elephant sale (bring your hobbles and cr&fls), bunny 
hums, etc. Activities from i PM Saturday lo 2 PM Sun¬ 
day, PDT PotluCK lunch Sunday noon Information from 
VE 7DTX, 8002 lakeview Drive. Vernon, B C , Canada VIB 
1VY3, or VE7DKL, 504 Heather Road, Penlicton, BC., 
Canada V2A 1W8 

PENNSYLVANIA: The Second Annual BARC Hamlest 
and Ilea market, Sunday. July 15, Pocono Downs Race 
Track, Rt. 315, Plains Twp . Wilkes-Barre 9 AM to 4 PM. 
Admission: 1250 Spouse and under 12 free Refresh¬ 
ments, door and raffle prizes, free FM clinic, computer 
displays All indoors Talk in 147,66i i ,06 and 146.52 
simplex, For inlo: Charles Baltimore or John Soha, (717) 
823-3101, Broadcasters' Amateur Radio Club, 62 S 
Franklin St.. Wilkes-Barre, pa 18703 


ARKANSAS: Army MARS Mealing. Independence Goun 
ly Fairgrounds, Balesvilfe, June 30 and July 1 Saturday 
Fish Fry, Sunday, Pancake Breakfast Camping or motel 
For info: Robert Clines. WB5KUHADN2MH. PO Box 97, 
Floral, ARK 72534 (501) 345^2880 


TEXAS: Encounter 79, The Texes VHF FM Society's 
Summer Convention. August 3 5. Villa Inn, Irving. Hospi¬ 
tality room, Transmitter hunl, programs, exhibits. FCC 
exams, flea market. Talk-in on 146.52 and area repeaters 
Registration with eligibility for pre-regl&irailon prize, 
15.00 before July t. $6.00 Wllh no pre-reg prize after that 
dale. For info; Encounter 79, PO Box 3608, Arlington, 
TX 760 to 
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NEW-NEW —NEW 


TOUCH-TONE- MICROPHONE 
DATA CODER 5 



53900 


JUST LOOK AT THESE FEATURES: 


* Tough "Mobile Environment 
Microphone 

* Posihve-Action Tactile Keys 

* H igh Impedance Ceramic or 500-ohm 
Dynamic Cartridge 

* Adjusiable Tone Balance and Output 
Level 


* "Positive Hold * Easy Lift Hanger 

* For Vehicle or Hand held Portable 
Use 

* Complete Not a Kit.. S39.00 

* Touch lorn? 15 d registered trade name nr at ft r 



DATA SIGNAL, INC. 

Z403 COMMERCE LANE 
ALBANY, GEORGIA 31707 
TbI. 912-863-4703 J 


16-POLE (5 
R-4C SSB! 1 


I Ui l fe 41 A. 


K 


lirijjrtfve Ihe 0 *rIv FteJ'- wlectixU* ol ynor Ofrikp R 4C 
adding B addiliuriil ixiln (I dial 1GI with an in|ern*lly nmoril 
ad, iwitchilili hi of limt-lF cr\nn lilrart Raduc* ORM, 
leahiMjr ovurload Idpjjl fur DX ami com»l work Omiall 
Pjckll 1w-t1pn IhAn 14 Mj m|»lj<1i ikut ialfiCUVIiy Wi-TH 

maximum irnalligibiHlv, Tula! bandwidth with CF-2.1K/B' 
2100 Hi at 6dB. 2900 Hi il 60 <JB Modwt variably hand 
widlh Other liamlwidlhi available. Filler lAt can be mounted 
10 rptenriff and rulgy wdlcKod with our km which Hail .11 
133 00 1 ami 4 llhiaf cwitching optioat c*n inciudv our 

CF 6EJO/0 *nd/or a^itiiny 8 kHr full IE lillw, all Iffietnallv 
mouiilnf. cuntfcilled from rear or from panel. US8 #f«j LSB 
CF ? iKrH tiiir n S17C10O i«-i vl .Money Iwl it iwl Lit 11 
flrtH Atlrl 13 VnhhJ^M EJfr order Sin avervw air Onaiar Ih 
qulnn wciComn 

Sherwood Engineering Inc. 

1260 South Ogden St, 

« Denver, Colo, 80210 
(303)722-2257 



MILITARY 

SURPLUS WANTED 

Spai p buys more and pay-> more High- 
pnees ever on US Military sur 
plus especially On Coilms equipmer'l 
or pans We pa> Ireigtii Call coiled 
now lo* Out h^gh ttfroi 201 440-8787 
SPACE ELECTRONICS CO 
i.l.v of Military ElftClroniCS Cdtp 
35 Rula Court, S Hackensack NJ 07606 


TELL YOUR FRIENDS 

about 


ham 

radio 


jyty 1079 









I 


Numtw 

- 9688 

42e/ft 


8214 

26«/ft 


8237 

23*/ft 


8267 

27c/tt 


8448 
17*/tt 


No o1 Conti 0 
A.WG nn rnmi 

7 IS |1 t 9| 


9405 

28*/ft 


No Of Cortd S 
AWG i m mrm — j 
6 IS 116*30* p IT] 


MADISON 

ELECTRONICS SUPPLY, INC 

1558 mckinney • Houston, texas 77002 

70658-0268 

MASTERCHARGE * VISA 


WHY GET ON FAST SCAN ATV? 

* You can send broadcast quality video of home movies;, video 
tapes, computer games, etc, at a cost ihai a less than sloican. 

* Really improves public service communications for parades, 
RACES* CAP searches, weather watch, etc. 

* DX is abend the same as 2 meter simple* - IS to 100 mites 

ALL ,N ONE B0X 
J TC-1 Traosmitier/Conv 

; % * I Plug in camera, ant* mic and you are 

I At * ^ * 5 ’ f on the air * * * * . S399 ppd 


HITACHI HV 62 TV CAMERA 
High performance closed circuit 
camera nisi right for atv. with lens 
.... - $239 ppd 


PUT YOUR OWN SYSTEM TOGETHER 


TVC IB CONVERTER tunes 420 
mhl down to ch 2 or 3 . $49.50 ppd 

TXA5 EXCITER $69 ppd 

PA 5 10 WATT LINEAR . , $79 ppd 
FMA5 Audio Subcarrier * $24,50 ppd 


SEND FOR OUR CATALOG, WE HAVE IT ALL 

Modules for the builder, complete units for the operator,antennas, 
color cameras, repeaters, preamps, linear!, video ider and clock, 
and more, 19 years in ATV. 

Call 213-447-4565 5-6 pm ur time 


PRETUNED - COMPLETUY ASSEMBLED- ^ FOR ALL MAXES A MODEL* ^ !A ur 

ONLY ONE NEAT SMALL ANTENNA FOR ) TRANSRECEIVERS - TRANSMITTERS ■ 

UP TO 6 BANDS! EXCELLENT FOR CON- //) GUARANTEED FOR 2000 WATTS i 55 
GES TED HOUSING AREAS - APARTMENTS tOOO WATTS CW FOR NOVICE AND ALt 

LIGHT - STRONG - ALMOST INVISIBLE I ^ CLASS AMATEURSl 

COMPLETE AS SHOWN with 90 ft. RG56U-62 ohm feedMna, *nd PL259 earmftetof. Imutitvf*. 30 u 
300 fc lb it dacron end tub porta, can tar connector with built In llghnlng am«t*r and italic tiltcharge - 
maided, tailed, waathn-rpraot„ rei.nnarrt irapa rXfl' -iroii Juit iwltth to band desired tor axcelient wo+ldwld< 
operiBikm * tranamitung and reclavtng! WT. LESS THAN 5 LBS 

160-80-40-20-15*10 banda 2 trap-- wflh 90 ft* RG68U - connector - Modal TT 70U , , .$59.9! 

60-40” 20-15-10 band* 2 trap — 102 ft. with 90 ft RG68U - OflflMtMr - Modal 999BU - - $54 9* 

40-20-15 ”tO band* 2 trap *— 54ft. with 90 ft. RGB8U eoa* - cunnactor - Modal tOOtBU. ♦ .$53.Of 
20-15-10 band* 2 trap — 26 ft. wfth 90 ft, RG56U cornu - connidP * Modal IOOTBU .... $52,9£ 


FAST SCAN ATV 


P.C. ELECTRONICS 

Maryann PA *S° N 


W06YSS 


ARCADIA CA 91006 


Tom 

WBORG 


ALL BAND TRAP ANTENNAS! 


Duns &01-D48-6066 

Cash plus shipping paid for clean late 
model Motorola HE RCA mobiles 
Base Stahons Accessories We also 
sell used and reconditioned equipment 
For further information contact 
Jesse la Fleur 

The Communications Center 
1629 Wyoming 
El Paso, Texas 79902 
(915) 545-1133 

Call tor cash quotation 16 year* of lair dealing 


DX OPERATORS 


SYNTHESIZERS 


We have the worlds largest selec¬ 
tion of synthesizers for receivers, 
transmitters and transceivers. For 
complete details see our 1/3 page 
ad in the April 1976 issue of this 
magazine or call or write for addi¬ 
tional information. Phone orders 
accepted between 9 AM and 4 PM 
EDT. (212) 468 2720 

VANGUARD LABS 

196-23 JAMAICA AVENUE 
HOLLIS, N. Y. 11423 




■ ..V^XpC-* 


H° 


4* > ' b CUSTOM CALCULATED. PERSONAL* 
\ I2ED REAM HEADING AND DISTANCE 

CHART TO OVER 330 FOREIGN CALL 
AREAS AND COUNTRIES BASED ON TOUR EXACT 
QTH UP TO DATE FOR 1979 SEND CALL SIGN AND 
$5 95 TO WILLCQMP INC PO BOX 8G. SOUTH 
SALEM. N Y 10590 N Y RESIDENTS ADD 5% 
SALES TAX 


FACSIMILE 


COPY SATELLITE, PHOTOS. 
WEATHER MAPS, PRESS! 

The Fa* Are Clear on out lull sue (18-V2" wide) 
recorders These commercial- military units now avail¬ 
able m surplus prices l earn hnw to copy with our f PEt 
Fax Gu.de T.l: (212) 372-0349 


ATLANTIC SURPLUS SALES 

3730 NAUTILUS BROOKLYN N V 11224 


I PAY CASH 

for your military surplus electronics 

If you have or know of availability: 
TT-9A IT-76 Teletypewriter 
phone me collect 

Oave — (213) 760-1000 








































- t * NEW CATALOG Of 

P** * : HAfltJ TO^FIND M LIF& 

gf , PRECISION TOOLS 

\\ I mMi iluin KCMIl IWI111 pWra TwWf/tfr* 

S' |l r> * H wttmhi|,HWP» mugm v>’-'ern» nrlay H»k Dp 
Ibral ottmpnwn '■•’ll Lil- ain't CA*n S*hd («* 
yutil llffi- Ll»pv Hxilv' 

j€NSeN TOOLS AND Alloys 

1 1 JO sou rti p>ppe sf dh i ve T¥(Tip^ ahijowa Bjj 8t 


DIPOLE /ANTENNA CONNECTOR 


HTt flUl iHQK rt»[)nl< .-Clfli djt 

[g|. -.'i 10 mDldwl rrtlci gtjv, 

MI^-1 pi**!* Dal, Id atiwfJl to^i 

PI J‘j^> pi.;({ a>* P«»rrf,|i-r Qliptep kr#[n 

..... ", 1 'i^tr 1 -,rii, m ".nip I 

■ , 11 * f ^ i iTr-ri-rt At , >l»l (ft ft**** i»» I* W 

pAlTpJid .n^ulA? ■■"‘i J/Jie 


l*f CMyfr 

jij 


DAMES COMMUNICATION SYSTEMS 


Ham Gear 

CftHMit 51 Si. frut . tile |ic cell 

Collins- PM-!, power supply $175 

CcIImH 70OB2 itrborni lilrfypi tonverier till 

Colbm 51J4 gertefil coverage recerver $495 

Orafc e $FH ■ 4 r sc s<v si. fl*w, In 0<m $575 

Fredericks HTTY squipmsni 

T550synlh41izif $595 

1500 HF rncBiver $595 

12QQ FSK demodulilo* $375 

Compleit pickigB $1350 

Cfl-llm* KWM7A I ram carver bee rnd $995 

Cellini 75*4 Him receiver. vy good $475 

Cellini 3I7R5 Via Ftomols. turn $575 

Collin 1 7553C. rnd, ivc $i?50 

Cellini 160$ i inlanna loner $350 

CuHmi 30U - vy gfl $595 

Collins 516F2 power supply $165 

Cellini FI - 3 90 A rcvrt. aver h a uled a he can d call 

Cell i n J 51 $ T, 2-30 MB ; rcvr Special 

Hamretrlund 5F BO0JX rcvr $375 

Coll in s CP- t Cryital Pack $250 

Collins 32$3 ham inns-miMe-r vy gd 1550 

John ton ?icw Mitch bo ■ */swi meter Si 95 

Test Gear 

Hannon fl*?0 voM/1 5 imp lab pwr supplies ea 139 50 
GfM&QSA imped jute comparator $325 

Tflk 505 iionga monitor $150 

plug mt available 53/541 S3/WL. 5J/54P 152. 
IDA i Z057. 3A77, CA D 0. 0. T, U. 5. inn W 
Bannion Hiifw 7?5A tig gen 10-500 MM/ $495 

Blue m temp coni relied wiler tulh $250 

H P- 200C 0 mid e J angp g j cilia s tope I \ 50 

Meitunmenli Model 00 2-400 MHf S295 

Metiurernenli Model 650 signal generator $295 

Teh 551 digilal testor new w/acctt i call rot guple 


We stock Amateur and Professional 
equipment from manufacturers such 
as Collins, Hewlett Packard, etc. 


All equipment sold checked 
-5ft| and realigned 

Write for free catalog- 


201-998-4256 
10 SCHUYLER AVENUE 
NORTH ARLINGTON, N. J. 07032 


RT-524M TRANSCEIVER 

Covers 136 00 to 149 95 
Mhz in 90 Khz crystal con 
trolled stops; 15 watts 
ou|pu 1 Has volume and 
squeicn controls requires 
27 VDC 6 amps With tubes 
81 b6 2/810? 6/6CW4. 
and 2/758? 0/A size 
6 3/8x3 1/2*14; 10 ICS 

sh Used, nocovors $54,95 

VACUUM VARIABLE CAPACITOR: 

50 2QOO pi. 3 KV. Right angle manual tune drive with 
1/4" 3/8” dw shah On 5-3/4' , n3'1/4"x3-3/4" mouni 
bracket 0/A 10 3/4*31 1/4x5 9 IDs sb #C818/Wfi1 

Used $75,00 

Use your Visa dr Maslercharge cards 
An Prtces FOB Lima Ohio PFease Allow lor Shipping 
Send lor FR£K Copy of NEW Catalog 79' 
Address Dept HR * Phone 4 19/227'6573 


The 


Introducing flMB -— 
iVER' SCR4000 

^tYviAvViA/ 


The Super-Deluxe 
450 MHz, FM Repeater! 


Shown in Optional Cabinet > 

180 DAY WARRANTY 


Spec Comm is proud to announce the long awaited SCR4000 
UHF Repeater. This unit incorporates many deluxe features often 
requested by our customers over the last 2'h years. See Features 
below for just a few. The rest of the unit is basically the same as 
our world famous SCR1000 VHF Repeater which is well known 
for superior performance, quality and reliability'. 

FEATURES: 

* 30 Wt. Output 

* Front End: 2 JFETs + 6 Pole Filter 

* Double-Balanced Rcvr. Mixer for Super Dynamic Range! 

* 8 Pole IF Crystal Filter 

* Rcvr. OiscriminatorA Deviation Meters! 

* Ultra-High Stability Transmitter Crystal Oscillator/Oven 

* All New State-of-the-Art Xmtr. & Rcvr. Boards 

* plus — Many More Features Found in the Well Known SCR1000 VHF 
Repeater! 

You’ll be happy to hear that the SCR4000 is very reasonably 
priced ... abouf V 2 that of other “top name" units (which don’t 
offer nearly as many convenient features as the SCR4000)! Also, 
a complete line of options & accessories are available, such as 
full Autopatch, Tone Control units, Duplexers, Antennas, 
Cabinets, etc. 

The SC R4000 is sold factory direct only, or through authorized 
foreign sales reps. Since there has been tremendous demand for 
the SCR4000, we suggest you get your order in ASAP\ 

Please Call or Write tor further info. 


A Full Line of Repeater Boards, Sub-Assemblies & 
New VHF FM Transceivers Are Also Available: Inquire. 


SPECTRUM COMMUNICATIONS 


More Details? CHECK - OFF Page 110 


Dept. HJ — 1055 W. Germantown Pk. 
Norristown, PA 19401(215)631-1710 


july 1979 
































Writ* for 12 page brochure giving doz¬ 
ens of combinations, of height, weight 
and wind load. 

Pleas* include 30r (stamps or coins) 
for postage and handling when re¬ 
questing our free literature. 


ALSO TOWERS FOR WINDMILLS 


MANUFACTURING CO. 

In Almont Heights Industrial Park 
Almont, Michigan 48003 


Coaxial RF Probe for Frequency Counters and 
Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 


0nly $9.95 

plus 1.00 postage 


FINALLY! A RF PROBE that lets you con¬ 
nect into your coax cable lor frequency 
measurements and modulation waveform 
checks directly from the transmitter 

JUST CONNECT THE CoaxProbe* mto 

your transmission line and plug the output 
into Ihe frequency counter or oscilloscope 
Insertion loss is less than 2db so you can 
leave it in while you operate. 

A NECESSITY IN ANY WELL-ORGAN¬ 
IZED HAM SHACK* the CoaxProbe" 
eliminates '‘jerry-rigging'' and hassles 
when tapping into the coax line is desired 

A SPECIAL METHOD OF SAMPLING 

keeps output relatively constant with a 
wide variation of power Power output of 8 
watts gives .31 v out, while 800 watts will 
give l .Sv out. (rms 3-30 mhz.) 2000 watts 
PEP rating too! 

‘Trademark ol Eagle El&CtronlCS 


USE IT ON 2 METER RIGS TO ADJUST 
FREQUENCY, The CoaxProbe* has a range 
Of 1 8 to 150 mhz. 

MONITOR YOUR MODULATION 
WAVEFORM. With an oscilloscope of pro 
per bandwidth, you can check your 
modulation for flat-topping, etc. Ideal for 
adjusting the speech processor 

NOW YOU CAN MONITOR SIGNALS 

when connected to the dummy toad, 
eliminating unnecessary on-lhe-air radia¬ 
tion. 

AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try it for 10 days If not 
satisfied, send it back for refund (minus 
shipping charges) 

Order today from: 

Eagle Electronics 

Box 426 B, Portage, Ml 49081 

Michigan Res. Add 4% Sales Tax 


SPECIAL FEATURES 

* SOLID STATE ELECTRONICALLY REGULATED 

* FOLD-BACK CURRENT LIMITING Precis Pc*er Supply Iron 
encessive curreni & continuous shorted oulpu! 

* CROWBAR OVER VOLTAGE PROTECTION on Models RS 7A 
R5 12A. R5 2QA. &R5 3SA 

* MAIN IAIN REGULATION & LOW HlPPLt at low line mpul Voltage 

* HEAVY DU TV HEAT SINK • CHASSIS MOUNI FUSE 

* THREE CONDUCTOR POWER CORO 

* ONE YEAR WARRANTY • MADE IN U S A 


PERFORMANCE SPECIFICATIONS 

* INPUT VOLTAGE IDS 1ZSVAC 

* OUTPUT VOLlAGt T3 d VDC +0 OS veils 
[InternallyAdjustable TMSVDG) 

* HIPPIE loss lhan bmv peak io peak (lull load & low imt) 

■ REGULATION ± 05 volts no load io luiJ load & low line lo nigh line 


AST RON 12 AMP REGULATED 
POWER SUPPLY Mattel R5-12A 

9 Amps continuous 
\? Amps ICS* 

m x &"m x r <o) 

Shippjng Weight 13 lbs 

Puce.$72 95 


Other popular POWER SUPPLIES also a villa bit (Same features and specilicalions a* Jpgve i 


* It’S IntsrmiltBnt Liirnmumr.ilnin Service I M)'!i Duly Cycle) 

II not av i liable at your local (tester, please coniaci us dir eel ly 


Inside View — RS 12A 


Heavy Duty Power Supplies 

from ASTRON 

High Quality • Rugged • Reliable 


M 


CoaxProbe* 


The Popular 
CUA 64-12 
by Heights 

Light, 

permanently 

beautiful 

ALUMINUM 

towers 

THE MOST IMPORTANT 

FEATURE OF 

YOUR ANTENNA 

IS RUTTING 

IT UP WHERE 

IT CAN DO 

WHAT YOU EXPECT. 

RELIABLE DX — 
signals earliest in 

AND LAST OUT. 

ALUMINUM 

Complete Telescoping 
and Fold-Over 
Series Available 
Sdf-Suppnrting 

Easy to Assemble 
and Erect 

All towers mounted 
on hinged buses 

And row, with motorized options, you 
pan crank it up or down. Or fold It 
over, from the operating position in 
the house 


Model 


RS-35A 


RS ?GA 


RS ZA 


Conlmuous 
Duly |ampsj 


ICS* 

(amps) 


RS-4A 


Size (In.) 

H x W x 0 


3'A x 6 1 /? x 9 


3V* X6k TV) 


Stnppmg 


Pnce 


£ 136 95 


m 95 


$49 9b 


$39 9b 


_ \ZTrjON 

C DR PDRATIOIM 


1971 South Ritchey Street 
Santa Ana, CA 92705 
(714)835-0682 


july 1979 


More Details? CHECK-OFF Page 110 









































7400 TT1 


Digital 

Thermometer Kit 


’..•Krii'oj 

'.*7417* 

5*247.1* 

'.*?ii4* 

SMNtyU 

.V r 4 7t* 

5*7ftC* 

»;wh 

s*?t«yi 

s*r«9* 

S*7imf 

<1*14*1* 

5*749.** 

hi frtv-i 

5*?*&to 

S*7ift* 

5* 74ft* 

LWHBH* 

'.N.'JIDOH 

5*Mi&?n 

r jinim 

WlitH 

5*74 i7l* 

W*M7H 

5*74123* 

mihush 

sh;ii^m 

s-la 741U4H 

su'd** 

5*14 Ml* 

5*74143* 

Sfl 74)41* 

miimn 
r jn '4 mm 
W4147* 
s*74i«* 
■AJrjlbC^ 
vh ri i m s. 
5* .'4157* 
sh?4i?3m 
5*74 iw* 
5*14155* 
A'4I j j4A 

v*hivh 


@ JE600 HEXADECIMAL 
ENCODER KIT 
mim 

■ U tH JiEM MlpV to rt«m 

J_ h — — ' fifWItUK 1 Ul* 

• ^ MM * 1 IIW [MM Uft (rffl (Iff n*ir\i Ik 
MjptT pppu-gn 

"ITB 

'®* * i |l!i 

^1 - tji V *1*i latflfl *4h iU'iiM-iI II- f. 

tC PU^iCto 

* rkw, - ihflJE; f*«ui**d to rv-*ftocfn 

fULI 8 fill I ATCJlED OUTPUT—19 KEVBEMfli) 
i*k* j(W f iwmh ftytowa pruwM *m itti'Vt ’*■ jona'im* 
ijujm Inrnn v*qbYi'1<*' ‘fT i-'Fi#} to to « SrOfl 

iunmig to 1H -icrltoKrs^ wit" ir*™ 1 * «'r Irfi IK-*- 
Ul KW>]'ii Ml 1 *p* tfmwmM to <«' to! ■Iim 1 (Hr- can to<*>} 
4 brfiJM MC*I *.*uto* rrw ajtyA i Utotd to* rrew|tri« 
•to ii [i ihtoDun mi® -r-dvtw it i m win urat* 


5*?*Xi<J* 
5* mem 
5*74162* 
-.fcjur.-jH 
5N14IB4M 
SViliSX 
SKHIWW 
WHicm 
SK74I7IK 
SUHIPTM 

S-* ?■*. I ? VH 

Minum 

!:*741 (5* 

!i*l4i;6H 

5*741 It* 

<,N74IJ1Wi 
’UK.rJUr* 
5*74 IV* 
r^nssi* 
SA'illSti 
5*74186* 
SN?tr«N 
5*NiMH 
•SN. + I0IN 
5* ,'411?* 

S*f?4l93* 

5*7*194* 
5*71 Itt* 
5*141 ft* 
5* flllf. 1 * 
Sh"41M* 
5*14199* 
MI74SJM 
£*74»1H 
:.V(?!9H 

S*7*iM* 

■>*71 TAIN 

5* ’061* 

Sh-4¥tf4< 

l*r*w,7* 

5*74X4* 

M'l.fl.K 

5*14101* 


5*7*00* 

£*74Dl« 

s*Mm 

5N740JM 

'JV404H 

£*?4-»* 

5*7405* 

5*74jr* 

HV74D6* 

5*7409* 

5*t4J0* 

5**411* 

5*74 

5*7411* 

5*7414* 

S*74i6* 

SN1411* 

5*7420* 

5*7471* 

SH*’477fH 

&tnm 

5*1425* 
SM742A* 
5*741-7* 
5* 74?* 
5*?4M* 

5*145.7* 
i*t4ii* 
5*14 Js* 
5*T«0N 
5*744 IN 
5*1*4?* 
5*144 1* 
5*1444* 
S*?J45* 
■-V4WI 
5*1447* 
5*14+8* 
5*7*SW 
5M5451* 
3*1415* 
S* 1*54* 
5*74»A 
5*7*60*. 


1CM CHIPS 

CMOS flfwtaon rinmsi 
CMU5 L E-D £|ppwVlCfl/T)rw 
QvpiiJlQ 1 ^nrrg.te 1 
Seven Deoffci Cou-nltf 
Clod 6*n*i*1oi 

NMOS READ ONLY MEMORIES 

m x S % 7 mu SfldW M-r* frf* 
17* X 9 K 7 Mim SvIftbsK * PtdUrn 
t ?* X M < AlpHinuintrH Cw'itrOl 
Ouractai G«w Hoi 


ICMWS 

ICM770& 

I CM 7%n 

iCHI^Cia 

ICM770& 


-Dual wnwn-iAiicttinQ com fa I (ar in 
d®ai/®ki!ilsar at elu*l maniiciriiia 

■ Co-i (■-■n U®lll LLL) fl M (lllflUV 

-F4 —0- 40^ Id 1&9*f 40X to lOO't 

■ Ac mt •( V "I * -T0-Ti1nt I 

*£•■ jar F i!>i(nlifi| or C4ltml 
• 5™ tvilnul -.Ait- AC v*al| 4Llj||;je«i Kiel 
•Si/r 3 l^'HiflWWit JH D 


mcmm/i 

MCM*i74 

MCM«75 


MJSCttmNEOUS 

Uujd Lent N0I» b' l» Op *HtB 
Swicntog Hto^uUh-nr 
Srnflie Stfiidung ftpjuiljlDi 
ftonte 10 11 PjTvjfer 
Hi-Spffd Chindf 10 rt PrriCih- 
PlK-rii- Dii tojfion- Opio itoluol 
lap ivtj-c frpo G«4VUtD> 

*mi ?'pfi#w WOS cioc* drtwi 
It ppd rmrti rtispLiy wmipg Logic cfin> 
TV CtnHM4 Sync Genprilpi 
ih Dwl 0PM logic EMod ISpocmD 

ft-Qil A;0 Convflnpr &p| 


ELD74CN 
T L 45MCK 
TL496CP 
MC%L 
9W90 
4 m3 
MK 502*0 
US0CZ6CH 

mm 

MM5320 

MMWIi) 

LD110IM 


DISCRETE LEDS 

m 

KCW6F1 f ta 5711 

KCS56G g inn *■!! 

XCiifiV TfiUH *V 

XC5&6C Cl«r 4--J1 

7W#4 

S(C??R red &*1 

KC33G Orwn 4^T 

*cm HIM 41 E 

I7r diB 

MV I OH r«l 47|1 

■5 81i 

WVSO t#L 611 

l*FRA RF[J LED 
L • 4't I j 4 "ul 1 16" rill 


m in 

xCTTOfl red 
XC709G gri*fl 
XC709V rtlKto 

llfi «4 

KClrtA red 
«C5?6G gr«n 
XCS76Y y*«o* 
XCS760 cteir 

m Urn 

XCtllH rri 
XCIMG grew 
xcim j-ilo* 
XCT11C CNur 


SM 1UJ1 
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KEYER OF*TJONAL 


»XIT€X CORN 


*>861 Chari well Dr. 

Dallas. Texas 75243 (214) 349-2490 


THE HD®**-- 

UNADILLA 

W2AU Baiuns 

QlilHDfD It 


rt OM ssiohris 

WDHQ WISE 
OVM 12 TEARS 


* Tilt Origiul 1 11 k t a t ■ £ If rest 

• ISO* St rent Ml 
*£|»hiltu Hirlure 

*i «>i<* misrmt? 

+ CttlimflD Gill: NttGH GUNNISON. WI2I0T 

Tell-Free eoo- 440-1666 
|NVS Celled 315-437-39531 
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Mini 

pip 


FULL-POWER, QURLITV 
HRM ONTtNNfl PORTS 


OT YQUR^ DEflL£R 

* HUMS TRIPS INSULATORS 

* QUIft PUTS INTEIRI HI IS 

* lOON/iAST ■ QUITS Mill 

* CHILE CON NIC10IS 


iltit fOR FULL CITILOC 
[ E n( love ICC Stiapi | 


itif 


tnniwn 


Pi. Tin 

C OV***' iM 


UNIDIlLl/inCO DIVISION [Dpi. H R I 


h L 1 rvt Nl * r r ihi 1 try ■ 


OERLERS WONTED-OVER 300 WORLD-WIDE 



p-b12 


THE DRY WET CEIL 
Makes Mobile 
Portable 


Use p-b 12 to convert your mobile equipment to bendy portables. 

p-b 12: a 12-volt seeled lead-acid battery end e perfect power source for your 
radio needs: small, rechargeable with most home units, powerful and 
convenient, p-b 12 delivers 2.5 amp -hrt. (@250 me), is only 8 r< x3 W*nVA*\ 
weighs 2 V* lbs., and carries a 1 -year warranty, p-b 12 is only *49,95 and if 
you need one. our battery charger is only *19.95 Add *1-50 for postage end 
handling; Conn, residents add sales tan. Send check, money order, or use 
Master Charge or Visa. Ask for our free brochure. 

PORTABLE COMMUNICATION SUPPLY, INC 
R.Q. Box 345. Trumbull, Conn, 0661 1 (203) 26S-6684 


SECOND ANNUAL LITTLE ROCK 

HAM-A-RAMA 

LITTLE ROCK, ARKANSAS 

Aug. 4 & 5, 1979 

9:00 am to 6:00 p.m. Saturday 
9:00 a m. to 2:00 p.m. Sunday 
(Dealers may set up Friday evening) 

ARKANSAS STATE FAIRGROUNDS 

* Dealer displays in air-conditioned 
building 

* ARRL State Convention 

* ARRL forum and MARS meeting 

Hr Giant flea market. $2 per parking 
space 

* Party Saturday night 

e Covered flea market area in case 
of rain 

Hr No commercial dealers in flea 
market area 

* RV hookupsonfairgroundsandtwo 
KOA campgrounds within 20 miles 

* Hamfest located 2 miles west of 
I-3Q on Roosevelt Road 

* Talk-In on 146.34194 

* Hourly door prizes plus 2 major 
prizes 

For further Information contact : 

Morris Middleton AD5M 

19 Elmherst Drive, Dept C 
Little Rock, Ark. 72209 
Phone (SOI} 568-0938 
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More Details? CHECK - OFF Page 110 























Order direct or from these dealers: 


More Details? CHECK - OFF Page 110 
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INFO-TECH M-300C 
TRI-MODE KEYBOARD 

A microprocessor controlled keyboard 
that generates: Morse, RTTY, & ASCII 


Morse Features: 1 

* 4 to 125 W P M in 1 W.PM, increments. ^ 

* 9 adjustable weight levels 

* relay keying 

* sidetone with tone and level adjustments 

* special keys: AS- BK, BT AR, SK, CQ. DE 


Other Features: 

• Built m quick brown for generator on all modes 

• Automatic CR/LF 

• 700 Character Running Buffer 

• 10 recallable, user programmable message 
memories of 120 characters each 


• CQ & DE special keys on all modes 

• Keyboard control of all functions 

• 4 row keyboard eliminates figures/letters 
shifting on RTTY 

• Many more features 


Global Communications 

606 Poi ■ i Klbs Blvd 
Coco.i Beach Florida 32931 
30b 763-3624 


Cohoon Amaiem Supply 

Highway 4/5 

TrentOO Kentucky 42286 


Emona Electronics 

661 (leorqo Siionr 
Sidney N S W Australia 


Germantown Amateur Supply 

3202 Summer Avenue 
Memphis Tennessee- 381 12 

800 - 238 - 6168 


Rickies Electronics 

2800 W Merqhan Blvd 
1 Gadsden Alabama 35904 
205 547 2534 


Universal Amateur Radio 

i 280 Aida Drive 
Reynoldsburg Ohio 43068 
614-866 4267 


PANACOM 

P O Box 76093 
Caracas 107 Venezuela 


Marcucct SPA 

via F ill Ororuetti 
Milan Haly 


ASCII Features: 

• 110 & 300 Baud 

• 2 shifts (170 & 850 hz) 


Best of aU,$Atzr\00 
still only ‘FOU 
F.O.B. Factory 


RTTY Features: 


• 4 speeds 

• 2 shifts (170 & 850 hz] 

• built in AFSK 

• built in CWID 

• built in RY generation 


Diatla Amateur Radio Supply 

212 481 h St runt 

Rapid City S Dakota 67701 


Ham Radio Center 

8342 Olive Btvd 
Si Louts, Missouri 63132 
800 325 3636 


N & G Distributors 

7285 N W 12th St 
M iam i F lor ida 331 26 
305 692 9685 


INFO-TECH INCORPORATED 
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inuunrvnni tu SpeciMling in Digital Electronic Systems 
2349 Weldon Pkwy St Louis, Missouri 63141 Phone (314)576-5489 


Now — 
industry’s 
first truly 


the 
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The age of tone control has come to 
Amateur Radio. What better way to utilize 
our ever diminishing resource of fre¬ 
quency spectrum? Sub-audible tone 
control allows several repeaters to share 
the same channel with minimal geo¬ 
graphic separation. It allows protection 
from intermodi and interference for 
repeaters, remote base stations, and 
autopatches. It even allows silent moni¬ 
toring of our crowded simplex channels. 


We make the most reliable and complete 
line of tone products available. AH are 
totally immune to RF, use plug-in, field 
replaceable, frequency determining 
elements for low cost and the most 
accurate and stable frequency control 
possible. Our impeccable 1 day delivery 
is unmatched in the industry and you are 
protected by a full 1 year warranty when 
our products are returned to the factory 
for repair. Isn't it time for you to get into 
the New Age of tone control? 
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TS-1 Sub-Audible Encoder-Decodei • Microminiature in 
$\ie,\ 25 x2G k 55 * Enemies and decodes simultaneously - 
$59,95 complete with K-t element 
TS'T JR Sub-Audible Encoder Decoder * Microminiature 
version of the TS-1 measuring just 10 x 125 x ,65. for hand¬ 
held units ■ $79 J5 complete with K-1 element, 

ME-3 Sub-Audible Encoder • Microminiature in size, 
measures ,45 x I \ x 6 * Instant start-up * $29,95 complete 
with K-1 element. 

TE-fi tight Tone Sub-Audible Encoder * Measures 2 6 x 
2 0 x 7 * Frequency selection made hy either a pull to ground 
oi to supply * $69.95 with fl K-1 elements, 

PE-2 fwo-Tunc Sequential Encoder tor paging * Iwo cab 
unit • Measures 1.25'x 20" x.65 *$49.95 with 2K-2elemHnts 


SD-1 Two-Tone Sequential Decoder * Frequency range rs 
26B 5-2109,4 Hz * Measures 1,2 x 107 x 65 * Momentary 
output tor horn relay, latched output for call light and receiver 
muting built-in * $59,95 with 2 K-2 elements, 

TE-12 Twelve-Tone Sub-Audible or Burst-Tone Encoder * 
Frequency range is 67.0 - 263.0 Hz sub-audible or 1650 - 4200 Hz 
burst-tone • Measures 4 25 x 2 5 x 15 * $79,95 with 
12 K-1 elements 


ST-1 Burst-Tone Encoder * Measures .95 x 5 x ,5 plus 
K-1 measurements * Frequency range is 1650 4200 Hz * 
$29*95 with K 1 element 




VtSA 


COMMUNICATIONS SPECIALISTS 

426 Wesl Taft Avenue. Orange, CA 92667 
(800) 854 0547. California residents use: (714> 998-3021 















































Arizona 


HAM SHACK 

4506-A NORTH 16TH STREET 
PHOENIX, AZ 85016 
602-279-HAMS 

Serving all amateurs from beginner 
to exp ert. Classes, sales & service. 

KRYDER ELECTRONICS 
5520 NORTH 7TH AVENUE 
NORTH 7TH AVE. SHOPPING CTR. 
PHOENIX, AZ 85013 
602-249-3739 

You! Co mplete Amateur Radio Store. 

POWER COMMUNICATIONS 

6012 N. 27 AVE. 

PHOENIX, ARIZONA 85017 
602-242-6030 
Arizona's #1 "Ham’’ Store. 
Kenwood, Yaesu, Drake, Icom 
and more. 


California 

C & A ELECTRONIC ENTERPRISES 

22010 S. WILMINGTON AVE. 

SUITE 105 
P. 0. BOX 5232 
CARSON, CA 90745 
800-421-2258 
213-834-5868 - Calif. Res. 

Not The Biggest, But The Best — 
Since 1962. __ 

JUN'S ELECTRONICS 

11656 W. PICO BLVD. 

LOS ANGELES, CA 90064 
213-477-1824 Trades 
714-282-8682 San Diego 
The Home of the One Year 
Warranty — Full Service. 

QUEMENT ELECTRONICS 

1000 SO. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-5900 
Serving the world's Radio 
Amateurs since 1933. _ 

SHAVER RADIO 

3550 LOCH INVAR AVE. 

SANTA CLARA, CA 95051 
408-247-4220 

Atlas, Kenwood, Yaesu, KDK, 

Icom, Tempo, Wilson, Ten-Tec. 


Connecticut 


THOMAS COMMUNICATIONS 

95 KITTS LANE 
NEWINGTON, CT 06111 
800-243-7765 
203-667-0811 

Call us toll free - See our full 
page ad in this issue. 


Delaware 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 

Delaware's largest stock of amateur 
radio equipment & accessories. 


Florida 


AGL ELECTRONICS, INC. 

1800-B DREW ST. 
CLEARWATER, FL 33515 
813-461-HAMS 
West Coast's only full service 
Amateur Radio Store. 


AMATEUR RADIO CENTER, INC. 

2805 N.E. 2ND AVENUE 
MIAMI, FL 33137 
305-573-8383 

The place for great dependable 
names in Ham Radio. 


RAY’S AMATEUR RADIO 

1590 US HIGHWAY 19 SO. 
CLEARWATER, FL 33516 
813-535-1416 

Atlas, B&W, Bird, Cushcraft, 
DenTron, Drake, Hustler, Hy-Gain, 
Icom, K.D.K., Kenwood, MFJ, Rohn, 
Swan, Ten-Tec, Wilson. 


SUNRISE AMATEUR RADIO 

1351 STATE RD. 84 
FT. LAUDERDALE, FL 33315 
(305) 761-7676 
“Best Prices in Country. 

Try us, we’ll prove it." 


Illinois 


AUREUS ELECTRONICS, INC. 
1415 N. EAGLE STREET 
NAPERVILLE, IL 60540 
312-420-8629 
“Amateur Excellence" 


ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
Chicago - 312-631-5181 
Illinois - 800-972-5841 
Outside Illinois - 800-621-5802 
Hours: 9:30-5:30 Mon, Tu, Wed & 
Fri.; 9:30-9:00 Thurs; 9:00-3:00 Sat. 


SPECTRONICS, INC. 

1009 GARFIELD STREET 

OAK PARK, IL 60304 

312-848-6777 

One of America’s Largest 

Amateur & SWL Stores. 


Indiana 


KRYDER ELECTRONICS 

GEORGETOWN NORTH 
SHOPPING CENTER 
2810 MAPLECREST RD. 

FORT WAYNE, IN 46815 
219-484-4946 

Your Complete Amateur Radio Store. 
10-9 T, TH, F; 10-5 W, SAT, 


Iowa 


BOB SMITH ELECTRONICS 

RFD #3, HIGHWAY 169 & 7 

FORT DODGE, IA 50501 

515-576-3886 

800-247-2476/1793 

Iowa: 800-362-2371 

For an EZ deal. 


Kansas 


ASSOCIATED RADIO 

8012 CONSER, P. O. BOX 4327 
OVERLAND PARK, KS 66204 
913-381-5901 

America's No. 1 Real Amateur 
Radio Store. Trade - Sell - Buy. 

REVCOM ELECTRONICS 

6247 N. HYDRAULIC 
WICHITA, KS 67219 
316-744-1083 

New - Used HF, VHF, & Microwave 
Gear. Manufacturing & Sales. 


Maryland 


THE COMM CENTER, INC. 

9624 FT. MEADE ROAD 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20810 
800-638-4486 

R. L. Drake, Ten-Tec, ICOM, Wilson, 
Tempo, DenTron, Mosley, Cushcraft. 


Massachusetts 


TEL-COM, INC. 

675 GREAT RD. RT. 119 
LITTLETON, MA 01460 
617-486-3040 

The Ham Store of New England 
you can rely on. 
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mateur Radio Dealer 


TUFTS RADIO ELECTRONICS 

209 MYSTIC AVENUE 
MEDFORD, MA 02155 
617-395-8280 
New England's friendliest 
ham store. 


Michigan 


RSE HAM SHACK 

1207 W. 14 MILE 
CLAWSON, Ml 48017 
313-435-5660 

Complete Amateur Supplies. 


Minnesota 


PAL ELECTRONICS INC. 

3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521-4662 

Midwest's Fastest Growing Ham 
Store, Where Service Counts. 


Missouri 

HAM RADIO CENTER, INC. 

8340-42 OLIVE BLVD. 

ST. LOUIS, MO 63132 
800-325-3636 

For Best Price and Fast Delivery 
Call toll free 1-800-325-3636 

Nebraska 

COMMUNICATIONS CENTER, INC. 

443 NORTH 48TH ST. 

LINCOLN, NE 68504 
800-228-4097 
Lowest Prices in the USA 
on Ham Equipment. 

Nevada 

COMMUNICATIONS CENTER WEST 

1072 RANCHO DRIVE 
US VEGAS, NV 89106 
800-634-6227 

Kenwood, Yaesu, Drake and more 
at discount prices. 

New Hampshire 


EVANS RADIO, INC. 

BOX 893, RT. 3A BOW JUNCTION 
CONCORD, NH 03301 
603-224-9961 

Icom, DenTron & Yaesu dealer. 

We service what we sell. 


New Jersey 


ATKINSON & SMITH, INC. 
17 LEWIS ST. 
EATONTOWN, NJ 07724 
201-542-2447 
Ham supplies since “55”. 


BARGAIN BROTHERS ELECTRONICS 

216 SCOTCH ROAD 
GLEN ROC SHOPPING CTR. 

WEST TRENTON, NJ 06828 
609-883-2050 

A million parts - lowest prices 
anywhere. Call us! 


Ohio 


METUCHEN RADIO 

216 MAIN STREET 
METUCHEN, NJ 08840 
201-494-8350 

New and Used Ham Equipment 
WA2AET “T” Bruno 


RADIOS UNLIMITED 

P. O. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201-469-4599 

New Jersey's Fastest Growing 
Amateur Radio Center. 


New York 


AM-COM ELECTRONICS INC. 

RT. 5 

NORTH UTICA SHOPPING CTR. 
UTICA, NY 13502 
315-732-3656 

The Mohawk Valley’s Newest & 
Largest Electronics Supermarket. 


GRAND CENTRAL RADIO 

124 EAST 44 STREET 
NEW YORK, NY 10017 
212-682-3869 

Drake, Atlas, Ten-Tec, Midland, 
Hy-Gain, Mosley in stock 


HAM-BONE RADIO 

3206 ERIE BLVD. EAST 
SYRACUSE, NY 13214 
315-446-2266 

We deal, we trade, all major brands! 
2-way service shop on premises! 


HARRISON RADIO CORP. 

20 SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 
“Ham Headquarters USA” 
since 1925. 

Call toll free 800-645-9187. 


RADIO WORLD 

ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

ORISKANY, NY 13424 
Toll Free 800-448-7914 
NY ( 315-337-2622 
Res. j 315-337-0203 
New & Used Ham Equipment. 

See Warren K2IXN or Bob WA2MSH. 


AMATEUR RADIO 

SALES & SERVICE INC. 

2187 E. LIVINGSTON AVE. 
COLUMBUS, OH 43209 
614-236-1625 
Antennas and Towers for 
All Services. 

Oklahoma 

KRYDER ELECTRONICS 

5826 N.W. 50TH 

MacARTHUR SQ. SHOPPING CTR. 
OKLAHOMA CITY, OK 73122 
405-789-1951 

Your Complete Amateur Radio Store 

Pennsylvania 

ELECTRONIC EXCHANGE 
136 N. MAIN STREET 
SOUDERTON, PA 18964 
215-723-1200 

Demonstrations, Sales, Service 
New/Used Amateur Radio Equip. 

HAMTRONICS, DIV. OF 
TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for 30 Years. 

Call Toll Free 800-523-8998. 

LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

ICOM, Bird, Cushcraft, CDE, 
Ham-Keys, VHF Engineering, 
Antenna Specialists. 

SPECIALTY COMMUNICATIONS 

2523 PEACH STREET 
ERIE, PA 16502 
814-455-7674 
Authorized Atlas Radio 
East Coast Service Center. 

South Dakota 


BURGHARDT 

AMATEUR RADIO CENTER, INC. 

P. O. BOX 73 
WATERTOWN, SD 57201 
605-886-7314 
“America's Most Reliable 
Amateur Radio Dealer”. 

Texas 


HARDIN ELECTRONICS 

5635 E. ROSEDALE 

FT. WORTH, TX 76112 

817-461-9761 

Your Full Line Authorized 

Yaesu Dealer. 
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Works with nny 
keyer. including 
squeeze keyer in 

speeds from 7 
WPM to 40 
WPM, Both in a 
single unit. 

Model CRT01EK 
*249 


Qiiplay letters- numbers and commonly used punctuation 
v^uaJly a?. Morse Cod*- signal -s received 
Operating speed 5 to 50 WPM at selected speeds 
All Solid Stale 

Makes code learning taster and easier 

A single connection to your receiver or nan stiver speaker puts 
i! into operation 

Hard copy read-out of CW available with TU 102 TTY interlace 
Module accessory 

Our popular lowest priced CODE READER KIT 
Model KCmOt , . . *149 

Readymade CODE READER.,. Model CR10T *225 
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2nd ANNIVERSARY SALE 


?<?$ 


BUY FACTORY DIRECT & SAVE* SEND FOR FREE LITERATURE 
USE YOUR BANKAMERfCARD DR MASTER CHARGE 


Highest price paid for these units. Parts purchas- 
ed. Phone Ted, W2KUW collect. We will trade for 
new amateur gear. GRC106, ARC105, ARC112 and 
some aircraft units also required* ^ 5 % 

We stand on our long term offer to pay more 
than any other bonafide offer. 


DCO, INC. 


10 Schuyler Avenue 
Call Toll Free 

800-526-1270 


No. Arlington, N, J. 07032 
(201)998-4246 
Evenings (201) 998-6475 















































FREQUENCY COUNTER KIT 


CT-50 


Outstanding Performance 

Incredible Price 

SPECIFICATIONS: 


$ 89 95 


The CT 50 is a versatile and precision frequency courtier which will measure 
frequences to 60 mHj and up to 600 mn; with (he GT-600 option Large Scale 
integration CMOS ctrcuilry and solid slate display lechnoiogy have enabled this counter to 
match performance lound in units selling lor over three limes as much low power 
consumption i typically 300-400 nra} makes ihe CT-50 ideal tor portable battery operation 
features oi the CT 50 include 'arge 8 digit LED display RF shielded all meial case easy 
pushbutton operation automatic decimal point tufly socketed 1C chips and input protec non 
to 50 volt!? to msure against accidental burnout or overload And ihe best leature ot all is the 
easy assembly Clear step by step instructions guide you 10 A finished unit you can rely on 
Order your today 1 

CT-5Q §0 mhf counter mi SS9 95 cSM (SWor tV c*^br*lor itatHliier 

CT*WWT SO mMj counter wuea and tested 155 95 pp. t pc probe genem purpose Dmb§ 

C T-60P 6Ofj r^iHr tc flief op11on add 29 95 hpt Hign tmppDancD pidd« non loader 


Frequency r*ng«* 6 H# io 65 mu; b00 nHf with C f 600 

Rt»Fu1'dn 10 0 1 gai# 1 Hr i i 

8 cjigil 0 4 high L f D Aired ‘eAflCuI m mHl 
Ac Cura , Aajuvabir ifj 0 5 ppm 

SijtHMh 2 fj ppm over 10 it)4ij C in miniature 
eornpanMieM] 

input tlNC ' m^nm ?0pidiiflci ohm wifr> CT-60C 
Over Hi a rj 50VAC mai-rriLiKn ail ffiuflM 

Stniiiivit^ ivii ih»n ^ itiu to 65 50-150 mv la 600 

m Hi 

p IT* _fi.IL ' Adir»a> i?vDC- 

S'/t* p *4 * f'.gr> imj.t >r. aluminum case 2 ips 

ICS. IJ uMi jii 


JH 95 
17«S 
IS. 15 


car ;; 

CLOCK I 

The UN-KIT, only I M 

5 Solder connections ® 

Hera & a super looking Pugged and accurate gulp 
clot a w fitch ^ a to bund and install i.hn » 

movem^m m completely <t*«4mttied - yimom, s,.■.i p? r 

J wire* and ? switches takes About i$ minutes’ 
Display np bright gieen wah Huiomanc pngnmess 
control pnoioc ell—assures you o> a highly read able 
display day or mg hi comes >n a sdlin finish an- 
Odi/eo .Humirium case which cart be attached 5 
didetent ways using 2 sided Muv Choice oi stiver 
Wat t at gold case ispecdyii 

DC J kii 12 hour formal 172 95 

DC 3 wired anil tested 129 96 

110V AC adapter 15 95 


OP-AMP SPECIAL 


Under dash 
car clock 

1.'4 h >iiji i sin ► m ,i thuMnj 
id Ltl pl.tslic t nis" tejl ures 6 

Iij-rnbo RE D L £ Db hit]ti iiu-u* *n y f 1 min did i e4Sy \ 
wm> hnohup disp; r, blanks wdh igmlion i -■ 1 1 viper 
I nsb tJC r»( 3 ri r. Op tu I r ■ j' rji mm*r 4U lom* 1 >t 41 • ■,. 4d|U 5f ■- 
'tiS[il-c, In ambie n! likj-ht 1 1 ■ ve■ 

Dt I * clot * with rn|g bracket 527 95 

DM 1 diflnrrwr adapter 2 50 




PRESCALER 


t lien J the range oi your 1^-*^, 

. iHJhler lo ftOfl ttsMJ! Worhv 
wilh 4 j iy counter Includes 2 
transistor pre-amp to give supei sens lyprcady 
rm ai tfiO mHf specify i0ot tOOfafio 
PS-IB 600 mHj pfescaler $59 

PS-TBK 600 itvH/ orescaiei M 46 


74i mimdip 12r$2 DO 

Hi FT 1 rmm dip /4* typr 10. 52 00 

VIDEO TERMINAL 

A cornpinioiy seil-containnd stand alone -idea ief- 
mindi card Requires only an ASCII hnyboard and TV 
set lo become „ complete terminal un.i Two urn is 
available common features are single 5V supply 
XTAL conn Oiled Synt dind baud rales (To 9600,1 
oompiete computer and keyboard control ol cufsct 
P auly error cofllrui and display Accepts and gener 
ates serial ASCM plus parallel keyboard input The 
321*^ ib 32 r nar by !6 lines 2 pages with memory 
dum|i lea Eure The 6416 is 64 char by 16 lines with 
scrolling upper and lower case (optronai) and has 
AS-232 and 20+6^1 loop irtierlacGs on board Mis 
■ nrlude socket 1 , and complete dncumemaiion 
RE 3216 torfnrnal card St49 65 

RE 6416 terminal card 199 65 

Lower Case option 64 s 6 only 13.95 

Power Supply KfI 14.95 

Video RF Modulator VD-1 4.95 

Assembled lesled units, add 60.00 


CALENDAR ALARM CLOCK 

The clock thai s got il afl ij !i LEDs t? 24 hour 
snoivi- ! 4 hiuir alarm t ytiar t .nems.ir nailery 
backup and lots more The super 7001 chip mused 
Sum 6»4 »h' inches 

['ompiele 4* iF n.-.t avLuEahli* 

DC 9 134 95 


30 Watt 2 mtr PWR AMP 

Simple Class C power amp features 6 time* powt-i 
gain i AT in tor 6 out 2 min* t L out 4Wmfor3Doul 
Ma? outpuiof 35 W incredible value complete wuh 
an parts less c use and T (4 re fay 
PA 1 JO W pwr amp kil $22.95 

TR 1 RF Sensed T R r^ay kit 6 95 


Ramsey's famous MINI-KITS 


FM WIRELESS MIKE KIT 

tunuii>ii up to JU0" ct 

m any IM hfoadrast |\l 

rum uv- .my iyp- oi 
riiiHt- Rons on '.t to 6v nfle 
Type 6M-2 has added sen- 
uliyp rmr.e pre#mp Mage 
fMlol i?SS (M 2*.I 5495 


COLOR DU CAN MUSIC LIGHTS 

See muirc come t ti■ ve■ j difiereoi 
iigritv flicker w«ih mmn, One light 
r.a 1 -n,. fnr Ihin n-, ^ r.ing^ and 

nnr lor The highs Ear.li channel 
mdiviiikj11 11 > i..]|uttdbM and drives 
up f. U'llW 's'eatfci Uflrt.nw, '..in11 

moijf n re cf L ihi mmr 
CijoTulele mf ML r 1? 95 


LEO BLINKV KIT 

A gn'At I! If ri .. |rll* ,r #U. r uir ,-t 

nahiiy 1 ..sriOs 2 jumr^ lLD". Ub* 1 
Ppi r .|me tuldges hmitini a at rung 
panel irghli anything 1 Rum.on 3 to 
15 voils 

Cfimpiflc *ii m 1 13 94 


ViDEQ MODULATOR KIT 

CoriVPfls any Tv tr. , dt‘i mcmapi 
Supitr slalHn lunatW'o.i'f h J h 
Runs on \ tsv accept* MU i'llT' • 
ShjojI R#*-vf ufiil inHif miirk-t' 
Complete kir vO l 15 94 

TONE DECODER 

A rnmpetp ,a 

loneoeccMlei un . mXJ. 

a mmgle PC tuiarfl 
Features ism SCKk 
ttr ad|Lisiab4e uuge * >.i 
2d furi> pti vn.f p h regular- ■■ 
if, i Kn-i r fL hrfh. pei no decoding 
tone bimt defeciasri FSk eii Gan 
4i.v> he Lj‘a , u .n a v'.iti <■ toi'^ *" 
coder Rum on 5 tu 17 «nll> 
('.ompitflf hil TC> 1 14 64 

WHISPER LIGHT KIT" 

An interest mg »-i m brine*-. 

up wuwJt and converts mem to 

iiqhl Tr.p i^Ljrter in»' St5, t n.' Ih^- 
brighter fhp 'ighl ■ nm[ t mry salt 

cornjMitifd includes mike fun-, un 
11HVAC coniroFi up to 31X1 waits 
Complete kit 2ti i 15 95 


SUPER SLEUTH & 

A tupfi ufllitiTr am 
piifier which aP pir+ W 

up a pm drop at 15 feel 1 —- 

! rtton.litungrifiby •» tonm ■ >r 

i)tiftnrj|i CKlftK^f l'Tl(iht.Pr t U H ? 
W fftik ouiput ruirs if* 6 It-- P5 vvill*- 
use*. « t'« ot»m speaker 
!. i>rnph*1p *it RN * $4 95 

POWER SUPPLY KIT 

i uttuiiHte Irtple | r| 

l.iled P«.p*^r uipplv prrji 
-'d+f'L x#nafiW 6 r.i Tfl 

¥Olis ,n ?dOn»Hi anti - v, , t t i 
Amp f ii fUi-nt toad rt-guMlmn 

jir.id lihming di'd •,<!■ hi■ MFc | i>u 
banidurmp's icgimes 6 IV t * 

and .'4 vi t 

Complete kn PS 3 l T 44 45 


SIREN KfI 

PrudliP-cv upwa'il .Hr-, I rji > 

Wri ' r l.|i I i. ... 

■I yVpwali .luOKS..UjtCLjl TUTlSun 1 IS 
viii-. lj^c* 1 ohm speaker 
ComoiBh* 111 SM j. 13 95 


TSTI53I, 3l33irCli3S 

BOX 4072, ROCHESTER. N.Y, 14610 


PHONE ORDERS CALL 
(716) 271-6487 


FM MINI MIKE KIT 

A supm lirnjf; FM 

wiM'ips^ m *+■ l<i Ti jhsmut*, a si a bit* 
signal up fo "tfJHi >,irds wiib t*»cep 
nonji audio guiiiiiy by means of ‘is 
I',',.h m elerlriH riiihf k*i includes 

ca bc m,kn an of* - Ich anteiina 

LfOllery jrid super 'nsrruclioni Thu 
i% Wh«; Iirxr*s1 unit available 
FM-lLi! $12 95 

f M -i wired anti leecea 16 95 


CLOCK KITS 

our Sesl Seller 
your Rest Deal 


liy your n.iml if building ffu* finest looking 
l 11 .it k on triv market ns sj|m finish dnodired 
aiurr|mum case fooki gieaT anywhere white s>k 4'" 
LEO dig ill pr ovde ^FugMy p eada bie d iipiay t hi* n a 

cumplelt* kil t< 0 *■ ■ 1r Hi Tir*t,*i1mJ and a only lakes * ? 

hours let assemble Yuut choice of case Goto*! 
si'ver gold brcjn/u bidck blue ripe city r 
C igck k.l 1/ 24 bout DC S $22 95 

C fQC h with 10 mrn ID inner ' ? 24 hnut 

DC 10 27 91 

Alarm clock 1? hour only DC s 24 95 

12V DC car clock Dt. 7 27 95 

F: ir wift'il .hi lit h-vled i l<J( k*. -Mill 5 10 Db In k>l pnee 


Hard to find PARTS 


LINEAR IC» 

3<J1 
324 
36d 
369 B 

555 

556 

566 

567 
Ti58 

mo 

CMOS iCt 

40 H 
40^3 

4U4^ 

4049 

45te 

5369 

TRANS 19 TORS 

?N3904 type 
2N3906lype 
NPN 30W Pwr 
PNP 30W Pwi 
2N3055 

UJT 2N2646 lype 
FET MPF 102 lyp* 
UHF 2NM79 lyp* 
MRf 736 RF 

SOCKETS 

fl pin 
14 pm 
Ifc pm 
24 pm 
79 pin 
40 pin 




REGULATORS 



$ 35 

70UO 

$1 25 


1 50 

723 

50 


i 2b 

309* 

65 


?5 

7605 

86 


45 

70L05 

25 


05 

7905 

T 25 


1 15 

79 f 2 

85 


1 25 

7912 

i 25 


50 

76 T 5 

85 


50 

TTHCb 




74100 

35 


70 

744 7 

65 


35 

7475 

50 


i $5 

7490 

50 


40 

74196t1 

T 35 


i 25 

SPECIAL ICs 



t 75 

I1C90 

1350 



10116 

i 25 

»0 

1 OO 

45H 

200 

10 

1 00 

5314 

? 9b 

3 

1 00 

537SAB 

2 96 

3 

1 Ml 

7001 

650 


60 

4059 N 

9 00 

3 

200 

7200 

17 95 

3 

2 00 

LED* 


3 

2 00 

jufhbci red 

8 1 00 

11 95 

iumbo green 

6 i OO 



Jumbo yellow 

6 i 00 

10 

200 

Mm* ped 

a i oo 

10 2 00 

Micro red 

0 l 00 

10 

200 

RipQ'flr 

75 

4 

200 

FERRITE BEADS 


4 

200 

W*lh mlp 

15 1 00 

3 

20C 

6 hale BAiuh 

5 1 00 


TERMS , SHr.yi 4 ir l im ,j.^rt'.i *r-iji. -t. .■ 

r eru n dncl TOD jddSii 40 MLnimniri ordnr 

$6 00 O^qiuh unn«* 110 00 dOU $ 75 Add 
SV Ipr pLivl.iyi* insurance hflrIdling Over 
■ieiiv add 1 5 1 N't' ipr^0t*n|^ idd ’ l.i ■ 


Mor.3 Details? CHECK-OFF Page 110 
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ENTRAL NEW YORK'S FASTEST GROWING HAM DEALER 


* *1 i.U 
f 


(A f JJiHJ 


r*ESU 

% l»L, i'V.HjHP 


, v 

n tch 


TOP QUALITY 
MOBILE ANTENNAS 

0 t ROM (0-' C ( Vi * m up i f 0! i f>P r : 

* Shunless Steel Radiator 

* Heavy NkchehC htomr Plated 
Brass Base and Fittings 

• Mounts Come with 17 HG- 
htfAU and PL-259 Connecters 

• Compatible with Motorola TAD 
and TAE Mounts. 

W/ii'.i 1 intent tf) StiUi* f ttuiu dius 
Mutiny <tfitawut assuntoiy **16 
.r mruri 1 Suit** >.* tmfii nTB-. tnr 

f’tiH- ‘muit'ttnff 

BM-27MT 27-31 MHZ . wave 
II. 1^1 ■ loaded 200 watt rating 

i 1 ‘vi rs 10 meters or CB Great 
tnobtle antenna for concerted CB 
* ngs 49 .it fowesr frequency and 

is ippi i ] ornately 42' when cut loi 
nr: meters Complete with trunk 
lid mount assembly £29,95 
BM-MA1H - Extra whip (Cut one 
lot 10 and one lor CBl £5.00 
BM 470QT Same assf?mhly ex- 
cept lor 47 54 MHZ 5 29.95 

BM 5800T 144-174 MHZ < 

wave .-jam antenna 200 wan 

fan rig Complete .. £29.95 

BM MAT 58 or BM-MAT 22 - * 

malching coils (these cods with 
whips allow same mpunling 
assembly to be used qn different 

J L handst .. 114.95 

, BM 5022 220-225 MHZ a wave 

v It n gftm antenna . S 29.95 

Note: Deduct $4 00 from"T" price 
j lor “M” assemblies 

M -i. 1 Iti!;. ir?>i t j' i r^j l ■. i }!he.' 

Antenna Models Available 

G & C Communications 

Dept. HH, 730 Cottonwood 
._Lincoln, NE 685T0 


Kantronics’ Field Day 

Morse/radioteletype reader & speed display 


only 

$449.95 


Kantronics' Field Day morse code/teletype reader reads code signals right 
off the air. Its powerful microcomputer system picks out signals, computes their 
speed and even reads sloppy copy up to 80 words per minute. 

The Field Day is simple to use. You plug it into your station receiver just as 
you would a set of headphones. Code and teletype conversations are converted 
from dots and dashes to standard alphanumerical text. The text advances from 
right to left across ten big % inch displays 

The Field Day displays incoming or outgoing code speed for you at the touch 
of a button, right on the front panel. The Field Day is enclosed in a compact, 
lightweight package including speaker, HWD 3.44” by 8.50" by 9.25". The Field 
Day has the features that make it a truly great code reader. Write us for a 
complete Kantronics authorized dealer list 


J KANTRONICS 


1202 Eui 2 M *- V " Liyhtiiieight Champs. 

IjSLvrenrc Kansas 66044 Pk*n? 913 R42 7745 

IW <> cvpi Vi^i Histi-T Oidirn.'. chef k and morwv orders 


Radio ‘World 


Featuring Yaesu, Icom, Drake, Allas, Ten Tec, Swan, DenTron. Pace, Palomar, Alda, Midland, 
Wifson, KDK, MFJ* Microwave Module, Standard, Tempo, Asiron, KLM, Hy-Galn. Mosley, 
Larsen, Cushcratt. Hustler, Mini Products, Universal and Tristan Towers. We service every ■ 
thing we sett* Write or call lor quote. You WorCi be Disappointed. 

We are just a tew minutes off Ihe NYS Thru way (1-90) Exit 32 


ONEIDA COUNTY AIR PORT TERMINAL flUILOINQ 
KSix" ORISKANY, NEW YORK 13X24 w H 

Call Toll Free: 1-800-44B-7914 New York Slate Residents Call: 315-337-2682 or 31&-337-0203 


0(4r little boxes 
replace a lot of cable I 

* select ony of f ive ontennas ol the 
tern of o knob, with |u*l one 
fecdtme and a control coble to 
the remote switching unite 

- sovei coax, simplifies station loyoul * 

* handles 4 kw pep* 

. * other models to nine positions* 

* full one year warranty* 

model 5w 5 heavy duty — 

REMOTE CONTROLLED ANTENNA SWITCH - $ 135^ p\ u <. $ 3 sh.ppmg 2i! 

* order direct or write for brochure * 


ANTENNA MART 


515-292-7114 


box 1010, i.s.u. notion, omes, iowa 50010 


July 28 thru August 10,1979 

Have trouble finding time to study for 
Upgrading? 

Do it on your vacation at the 

OAK HILL ACADEMY 
AMATEUR RADIO SESSION 

20 years of successful teaching 

Two weeks of intensive code and theory 
starting at your level. 

Classes From Novice thru Amateur Extra 

• Expert instructors 

• Friendly smrtnmdings 

• Excellent Accommodations 


C, L PETERS. K4DNJ. Director 

Oak Hill At .idemy Amateur Radio Session 

Mouth of Wilson, Virginiu 24363 


Name 

Address 

Cdy/State/Zip 


C.ill 






















Can 


ToU 

Free 


1 - 800 - 243-7765 


FREE : 


Monthly Computerized Used Equipment List 
Courteous, Personalized Service 




Ufc<’d Equipment — Wv recondition .mil 

tjUfUrtiifee dll tiuf used equipment, We make 
sun' it %.,iiivfir j . vuu* 


Servicr Shop — YiuTve pmhAhly heard u|(iur 
flm service ri’putitiiun — ufrhiijCu*liritanCL4B 
signal generators. llewh'H Packard osdllo- 
Mopes, Bird wattmeters — we fix ii rtglitj 


Inventory Warehouse — Our large volume 
assures you I he tw F st prit es 1 


CaU 
or Write 

for your 
super quote 
today! 


— 


- "V >{■,; 
A ‘ - tv# 

T 1 , - . - ■—-T - 


■P" 

1 i R 

"F 

1 . - 


- —y 

. "7” • 

r ~. t . — * ‘ 


f ^ 

^_ 

£ # "z r p j 1 




-mm- W y 


1 ! 




* 

m 



[r.V.ea* 

& • 1 

» ■ .. -i. 

—■* I 

A 

6 ” 

• ■ % 

i. . ** - loot 

f A 

* 

* • • 1 



■ - * 





,1 

; -—-j'V Ajji V I 




AUTHORIZED DEALER ... 

FOR OVER 50 MAJOR LINES - 

NEW AND USED EQU1 PM ENT "Gff on our used equipment mailing list/' 

TRADES WELCOME ‘The besf allotoonces anywhere" 

"We buy good used SSB gear" 

OUR EVERYDAY LOW PRICES "remain the same for cash or trade-ins!" 
SAME DAY UPS, SHIPPING “Just a phone cat! away " 

COMPLETE RADIO SERVICE SHOP “Mail Order Repair Service" 

* Fas! Efficient Service * Most Repairs Done and Shipped Within 7 Days 

* We Repair All Brands * Amateur Extra / First Class Licenses 

* All Work Guaranteed • Free Shipping Both Ways If Work Is Done 

* Send Us Your Defective Equipment U,P.S. Collect 

OUR FIJVE REPEMnO/V SPEAKS FOR STSELF . . , 

“YOV SHIP IT - WE FIX IT" 

OPEN MON TH! 10-6 * THURS. 10-8 P.M, • SAT. 10-4 

l.ASV DIRLCTJOJNS; Hi, 15 Snuih — 2 blocks pusi McDonald'* (Berlin lurnpikel 


SW5 


“We can match most 
any other quote!” 




We want your used gear! — 
We will buy or trade 


Tnulms 

COMMUNICATIONS* 


95 Kitts Lane, Newington, Conn. 06111 

"Near ARRL Headquarters" 

Connecticut Residents Call: 203 - 667-0811 


More Details? CHECK OFF Page 110 
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Advertisers \f 
check-off 


.,,for literature, in a hurry — well 
rush your name to the companies 
whose names you "check-off” 

Place youi check mark in ihe spaceybetween 
name and number. Ex: Ham Radio y 234 


INDEX 


afp 7in 

Aluma 589 

Amidon 005 

Anteck 733 

Antenna Man 009 
Asiroii 734 

A lion lie Surplus 4 
A Tronix 382 
Aurlin Amatour 564 
Barry 41 

Hudwig 233 


Cdl Crystal 

709 

Ci MHHiiilnf lIEH 

Center 

534 

Comm Spec 

330 

Creative Ekrt 

751 

Cur Ini UftCIfU 

034 

Cushernh * 


DCO T24 


nsi hw 


Dannui Comm 

561 

Daia Signal 

270 

Davt' + 


pick Smith ' 


Engle 1 


E T O ■ 


Fire ftit-.u.ifth Virginia ' 

Fair Radio 

048 

1 i ik Tango 

657 

G & C Comm 

754 

GLB 562 


Gon Flee * 


Gray {156 


Gruguty * 


Group in 

701 

Gull 635 


Hal ‘ 


Hal Trpim 

254 

H ft 9, _ 

160 

H H Mjg.jfUU.' 161 

Heights * 


Henry 062 

Hy n+Tm 

U64 

IRL 781 


Icfjni * 


tnlu Tech 

351 

int Cry* lei 

06fi 

Jameccj 333 

Jan 067 


Jensen Z93 


Jin-i Pak * 

Jones 626 

Kan ironies * 

Kenwood ' 

Klaus 430 

I. ?rof!4ts 5/6 

Larsen 078 

Link! Ruck * 

Long':; 468 

Limai 577 

MFJ 082 

Madison ■ 

MiCTuwavv F»Hoi 637 
Oak Hill Acad a R S ’ 

PC Elec_766 

Palomar Eng + 

Pun Crirnm Sup /'69 

CriHimnk tOO 

Radio Shack 165 
fijdro World * 

Hrtmscy 44? 

SST 375 

Sherwood 435 

Shura Hr others 771 
Space to 7 

Spec it omes 191 

Spec Comm 335 

Spec Ini __ T08 

Swan 111 

TCI 783 

TPL_24(1 

Telrex 377 

Ten'Tec * 

Ti?»fls ftF Untf 763 

The Lummunicjiion 
Center * 

Thomas Comm 730 

Tmwci Masifri 776 

h.u tie 

Van GfXdtm 737 

Vanguard Lite 716 
Varan 043 

Wet]STCf 

Assoc 423 

Western * 

Whiiehduse * 

WlUcomp 764 

Xicbx 741 
Ynesu 127 


’Pluasu course 1 ibis adveuiiser direcily 

Limit 15 mqutries pvr reQOest. 


July, 1979 

Please use before August 31, 1979 
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HAM RADIO MAGAZINE "chock off" 
Greenville. N H Q304H 
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STATE 
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SUMMER SPECIALS 

CuSftCrall boomer" $ 79 95 

KLM 144 148 13 lb .... 59 95 

OMNI J & heavy duly magnel mount 

complete ..... 49 95 

TRIEX W 51 FT self support tower (Reg 
$89i} Your cosi {FOB Cali lormaj 79100 

Tonna F9FT Antennas 144/16 el 69 95 

RlW432U9ei 59 95 

Klilzmy VHF'UMF Amplifiers 
2M lOW ih 100W Out 179 00 

432 10W in 50W Out 189 00 

Bird 43 and slugs UPS paid in USA slock 
Microwave Modules 432-285 329 95 

Deluxe Amp 432100W output 449 00 

Telrex TB5EM, in stock 41500 

New Palomar Enqr Trans Preamp 89 50 
Bencher Paddies $39 95 Chrome 49 95 

ETQ 76 Amplifiers . Stock 

Lunar 6M 2M-220 In Line Preamps 49 95 


Lunar 2M Amp 10-80 w Preamp 

UPS paid USA 19800 

Janet QSA 5 41 95 

COE Ham 3 $129 95. Ham X $209 95 

NEW Ham-4 149 95 

VHF Engrs blue hne amps stock 

VHF Kits Stock 

Cetron 572B 29 50 

Midland 13 509 220 MHZ l2ch 10W 159 00 
13 513 220 MHZ synthesized 
20-10-2 W 389 00 

Motorola HEP 170 0 29 


Mai lory 2 5A71000 PE V E poxy Diode 0.19 
Non Linear Systems Mmiscope 15 31B 00 

Miniscope 215 435 00 


10%. accessories available 
Aerovox 10OCPF/5GOV Feed thru 1 95 

GE6146B or 6950 1 95 

Technical Books Ameco. ARRL Sams Tab 
Ride/ Radio Pub Callbook Cowan 
sic Call 

NEW Be I den 9405 |2*n6N6*t«> 8 wire roior 
cable, heavy duty tor long funs 0 28 
8448 stcl 8 wire rotor per 11 0 17 

9888 double shield RG6 Foam, per ft 0 42 
8214 RGB Foam 0 26 

8237 RG8 .0 23 

8267 RG213 02? 

Amphenol Silver Plate PL259 0 59 

Times Vi Foam Hardline $0 657ft — 
Conneclors, ea 15 00 

778" Hardline $i 50/ft - 
Conned or s. ea 25 00 

Berktek RGtiX, 62 ohm, KW, per ft 0 16 

Consolidated HD l8Ga Galv Tower, 

10 seel ion 29.95 

Robot "Slow Scan Now in Stock Call 

Alliance HD73 Rotor 109 95 

Teletow>. self support 

55 tt/w breakover 499 00 

40 HM breakover 349 00 

Swan TB4ha. TB3ha TB2 - 20% off irsi 

Coitms replacement pans available 


Looking lot antique parts 7 
Write specific need to W5GJ 

THIS MONTH'S SPECIALS: 

loom IC280 — $359,00 
Dentron GLA 1000 Amp. $319.00 
Bearcat 250 — $299.00 
Dentron Clipperton L — $499.00 

MASTERCHARGE • VISA 

AH pnees fob Housion except wtwe indicated 
Prices subiect lo ehengta wdhULtl notice all items 
guaranlWKl Sorrm nerns subject prior sale Send 
lei ter head for Dealer puce list Texas residents add 
8*'n Please add postage estimate $t 00 

minimum 

MADISON 

ELECTRONICS SUPPLY, INC. 
isos mckinney 

HOUSTON, TEXAS 77002 
718/658-0268 
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The Sangre de Cristo Mountains'ETCS backyard 


WHY WISH YOU'D BOUGHT ALPHA? 



IS SOMETHINC ELSE"JUST AS GOOD?" 

New ALPHA owners often tell us. *7 wish I'd saved my time and money and bought an ALPHA in the first place." 
Why not benefit from their experiences? Compare first! 

TRY TO GET ANY OTHER MANUFACTURER TO TELL YOU - IN WRITING • THAT IT’S SAFE TO OPERATE HIS 
DESK TOP LINEAR AT A FULL D C KILOWATT ... SAY FOR 24 HOURS KEY-DOWN. OR, ASK HIM FOR A FULL 
YEAR WRITTEN WARRANTY. LOTS OF LUCK! 

YOUR NEW ALPHA WILL HAPPILY AND COOLY RUN THAT KILOWATT KEY-DOWN . . . FOR 24 DAYS IF YOU 
WISH. AND YOU’LL BE PROTECTED BY ETO’S UNMATCHED WARRANTY FOR TWO YEARS. WE PUT IT IN 
WRITING ALL THE TIME. IT’S THE WAY WE BUILD AND WARRANT EVERY ALPHA ! 


The new ALPHA'S are the best we've ever built. 
Nothing else even approaches an ALPHA'S combina¬ 
tion of power, convenience, quality, and owner protec¬ 
tion. The ETO /ALPHA two year limited warranty offers 
you eight times as much protection as the industry- 
standard 90 day warranty. 

The new ALPHA 374A adds NO-TUNE-UP operation 
to all the other traditional ALPHA qualities and capa¬ 
bilities. You can hop instantly from one HF band to 
another, with full maximum legal power and with little 
or no amplifier tune-up at all! (If new amateur bands 
are added, you can manually adjust your ALPHA to 
work them, too.) 


In 1974 the original ALPHA 374 set a standard of high 
power convenience that has remained unmatched 
since. Despite its small size, not even one ’374 owner 
ever burned out a power transformer. Impressive? The 
new '374A has an even huskier power supply. And it 
has ETO’s ducted-air system with acoustically-isolated 
centrifugal blower to insure cool, whisper-quiet 
operation. 

Before you get serious about any other brand of linear, 
compare its convenience and quality, its transformer 
heft, its cooling system efficiency and noise level * and 
its warranty * with the ALPHA'S . Be sure to ask around 
about its reputation. 

Call or write for detailed literature and thoroughly 
check out all the great new ALPHA'S ... so you don’t 
make a mistake. 



EHRHORN TECHNOLOGICAL OPERATIONS, INC. 
BOX 708, CANON CITY, CO 81212 (303) 275-1613 














B&W Vacationers 
370-10 portable 
collapsable antenna 

Covers 4Q-2 meters and CB 
bands, compile with coils, 
shorting straps, antenna whip, 
insulator, bracket w/mounling 
stud, coax (RG58/U), and 
counter poise Max length 57", 
Vise type mount. PL259 
connector needed VSWR is 
1 1 1 

32.50 Call today 


HV-GAIN 205BA 
monoband beam antenna 


& element Long John for 20 meters, 
bandwidlh 500 KH 2 . SWR £ 1. forward 
gam 11 6 dR. front to back ratio 20 dB. 
boom length 34 ft.. longest element 36 5 
ft , turning radius 25 ft . surface area 9 
&q ft,, 2000W PEP, balun BN-86 
recommended 

289.95 Lisl Call for quote 


KLM 


KLM KT-34 tribander 

20, 15, and 10m antenna j 

Frequency coverage 20. IS, and 10 meters. Gain 7 dB VSWR 
belter lhan 1 51. feed impedance 50 ohms unbalanced, no ol 
element 4 on each band, power rating 4KW PEP. wind area 6 sq 
ft, wind survival: 100 mph. turning radius 15'. boom length 16'. 
longest element 24 

349.95 List Call for quote 


hygain 


HY-GAIN TH6DXX 
tri-beam antenna 

20, 15, and 10 meters, average gam 8 7 dB. from to back ratio 25 
dB. SWR less than 15 1 on all bands, boom lenglh 24 fl , longest 
element: 31.1 ft. lurmnq radius 20 fl , surface area 8 09 sq ft.. 
2000W PEP. balun BN-&6 recommended 

299.95 List. Call for quote, 


CUSHCRAFT 
AMS-147FM 
mobile antenna 

S wavelength 3 dB gam antenna 
lor 2m (Or low SWR operation 
over entire 146-148 MHz FM 
band, Center frequency may be 
moved i 1 5 MHz with one adjust¬ 
ment. Matched to 50 ohms, built- 
in connector takes PL-259 Avail¬ 
able in mag mount or irunk lip 
mount (ATS-147 I N 23851) 

34.95 Call (oday 


CUSHCRAFT 
ATV-5 HF 5 band 
vertical antenna 

Wide operating bandwidth 2 1 
SWR bandwidth with 50 ohm 
leedlme is 1 MHz on 10 meters, 
more lhan 500 KHz on 15 and 20 
meiers, 160 KHz on 40 meters, 
and 75 KHz on 80 meters Reson¬ 
ance can be adjusted CW or SSB 
Coaxial connector takes PL-259 
Hgt 293 inches 2000W all bands 

109.95 L is I call for quote 


DENTRON All band fj 
doublet antenna 

Cover 160-10 melers, has a total length 
of 13Q J (14 ga stranded copper) Center 
fed thru 100' ol 470 ohm PVC covered, 
balanced transmission tine. Assembly is 
complete. Antenna tuner required 
Tunes 160 thru 10 with 1 anienna* 

24,50 Call today 


HY-GAIN HB-MAG 287 
Hy-bander foldover 
antenna 

A magnet mount antenna with 
foldover for mounting on 
hatchback cars 5/8 wave pro¬ 
vides low angle radial ion for 
maximum gam Rachet foldover 
through 180 degrees Holds posi¬ 
tion in up to 120 mph. Less than 
141 VSWR. 144-W MHz, 3 dB 
gam Available 286 trunk lip 
mount 15.95 

19.95 Call today 


VISA 


Longs Electronics 


MAIL ORDERS PO BOX 11347 BIRMINGHAM Al 35K>! • STREET ADDRESS ?B08 7TH AVENUE SOUTH BIRMINGHAM Al ABAMA 35233 

Remember, you can Call Toll Free: 1-800-633-3410 in the U.S.A. orcall 1-800-292-8668 in 
Alabama for our low price quote. Store hours: 9:00 AM til 5:30 PM, Monday thru Friday 


112 G3 July 1979 


More Details? CHECK-OFF Page 110 






















NEW FT-7B 100 W 
MOBILE/BASE HF TRANSCEIVER 


Enough power to drive those linears! The FT-7B is the high 
powered version of the popular 20 watt FT-7 that so many hams are 
running mobile in cars, boats, and planes around the world. Use 
the FT-7B as a top quality base station. New improvements include 
an audio peak filter (like our FT-901DM) to give you super CW 
selectivity, drive control, four 10M positions, full 80-10M coverage, 
28.5-29.0 MHz crystal supplied (other crystals available as op¬ 
tions), optional YC-7B Plug-in Remote Digital Readout, optional 
FP-12 Speaker/Power Supply Console. 


-A* ATf om 

i 1 # 



RECEIVER 

Sensitivity: O.SuV for S/N 20 dB 
Image rejection: Better than 50 dB 
IF rejection: Better than 50 dB 
Selectivity: -6 dB: 2.4 KHz, -60 dB; 4.0 KHz 
Cross-modulation: Better than 60 dB im¬ 
munity at 20 KHz off a 20 dB input signal 
typical 

Audio output: 3 watts @ 10% THD 


TRANSMITTER 

Emission: LSB, USB (A3j), CW {At). AM (A3) 
Input power: A1, A3j; 100 watts DC 
Carrier suppression: Better than 50 dB be¬ 
low rated output 

Unwanted sideband suppression: Better 
than 50 dB @ 1000 Hz 
Spurious emission: Better than -40 dB 
Distortion products: Better than -31 dB 







(UJ 


Price And Specifications Subject To 
Change Without Notice Of Obligation 


The radio. 


579X 


YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 • (213) 633-4007 
YAESU ELECTRONICS Eastern Service Ctr.,9812 Prlnceton-Gtendale Rd.,Cincinnati, OH 45246 



























From transistor to 25kW 


is one easy step 



»ain tetrode and cavity 
or FM and TV 

anion GV-22C 
press I y intended for single-tube 
I TV service* This rough tetrode 
exhibits a power gain over 20 dB and has a rated 
anode dissipation of 20 kW* It's also ideally 
suited to VHF-TV linear service, thanks to 
the new low-loss internal structure* 

EIMAC's 8989 is a similar tetrode, 
rated for 10 or 15 kW FM service in the 
CV 2210 cavity* The 8989 is suitable 
for VHF-TV service as well* 


combination 

The new EIMAC 8990 and comp 
cavity amplifier arc cx 
25 kW EM ane ' 


Tomorrow’s new 

generation today. 

KIM ACS 8989 and 8990 
riew-generation cubes augment 
the 4CX5000A, 4CX10000A, 
and 4CX15000A in today's 
new equipments* High power 
gain, improved electrical sta- 
niliry and low internal induc¬ 
tance combine to provide 
to i no r row s p<) we r tu be t od a y* 


For complete information: 

Get a copy of HIM AC’s Quick 
Reference (. Catalog and Data Sheets on 
the 8989 and 8990 from Van an, 
EIMAC Division, 201 Industrial 
Way, San Carlos, California . 

94070* Telephone (415) 

592-1221. Or contact ■S 

any of the more than 30 ^ j J 

Varian Electron Device pits! 

Group Sales Offices IptjH 

throughout the world. 

For more informa- 
Variant Cl C: L 


non on 
IVansistors j 

operating ^ 
in the 88 

to 108 Ml h range, 
contact Varian, C l C 
Division, telephone 
(415)592-9390. 






